MILITARY  CURRICULUM  MATERIALS 


The  military-developed  curriculum  materials  in  this  course 
package  were  selected  by  the  National  Center  for  Research  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies.    The  purpose  of  * 
disseminating  these  courses  was  to  make  curriculum  materials 
developed  by  the  military  more  accessible  'to  vocational  t 
educators  in  the  civilian  setting.  ( 

The  course  materials  were  acquired,  evaluated  by  project 
staff *and  practitioners  in  the  field,  and  prepared  for 
dissemination.    Materials  which  were  specific  to  the  nilitaxy 
were  deleted,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  use  was.  obtained.    These  course  packages  contain 
curriculum  resource  materials  wjiich  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development. 
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The  National  Center 
Mission  Statement 
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The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its*missi6n  by: 

•  Generating  knowledge  through  research 


Developing  educational  programs  and 
products 


! 


Evaluating  individual  program  needs 
and  outcomes 

Installing  educational  programs  and 
products 


•  Operating  information  systems  and 


services 


•  ConductincMeadership  development  and 
'training  programs  e 
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an  activity  to  increase  the  accessibility  of 
military  developed  curriculum  materials  to 
vocational  and  technical  educators^ 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in* print 
form  from  the  Coast  Guard,  Air  Forca, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curricglum  materials  is  ' 
provided  through  a  "Joint  Memorandum  of 
Understanding"" between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed*  applicable  to  vocational  and  tech- 
nicaLeducation  are  selected  forydissemination. 

The  National  Center  for/Research  in 
Vocational  Education  is  tno  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff : 


Wesley  E.  Budke#  Ph.D.,  Director 
j.       National  Center  Clearinghouse 

Shir Idy  A.  Chase,  Ph.D. 
.   Project  DireQtdr  ^^^ 
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One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
qach  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

Course   materials   include  programmed 
instruction, ^curriculum  outlines,  instrufctor 
guides,  student  workbooks  apd  technical  ' 
manuals. 

The  .120  courses  represent  the  following 
sixteen  vocational  subject  areas: 


Agriculture  * 
Aviation 
Building  & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Dm  fling 
Electronics 
Engine  Mechanics 


Food  Service 
Health 

Heating  &  Air 
Conditioning  w 

Machine  Shop  . 

Management  & 

Supervision 
'Meteorology  & 
Navigation  * 

Photography 

Public  Service 


The  number  of  courses  and  {he  subject  areas 
represented  will  expand  as  additional  rpate- 
rials  with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination. 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you." 
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Director 
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Course  OescnptiOn 


Electrician  I  and  II  contains  the  fust  two  blocks  of  a  five  block  couise  of  study    Blocks  III,  IV.  and  V  are  included  m  a  second  course.  Electrician  III,  IV, 
and  V  ^course  3-18  in  thus  catalog).  Training  m  this  five-block  series  covers  electrical  fundamentals,  using  tools  and  test  equipment,  installing  service 
entrances,  installing  and  performing  maintenance  on  interior  wiring  systems  in  nonmetaihc  sheathed  cable  and  conduit,  motors  and  motor  installation, 
and  fire  alarms,  intrusion  alarms  and  cathodic  protection  systems.  The  first  foui  units  of  Block  I  are  not  suitable  for  vocational  programs taeca use  they  , 
contain  military  specific  materials.  These  units  were  deleted.  The  remaining  sections  in  Blocks  I  and  II  are  suitable* 


8lock  I 


Electrical  Fundamentals 


Unit  5  -  Electrical  and  Electronic  Fundamentals  (14  hours  class  instruction,  37}  hours  shop) 

Unit  6  —  Meters  (2  hours  class  instruction,  1  hour  shop) 

Unit  7  -  Ohm's  Law  and  Series  Circuits  (4  hours  class  instruction,  5  hours  shop) 

Unit  8  —  Parallel  Circuits  (21/?  hours  class  instruction,  3%  hours  shop) 

Unit  9  -  Series,  Parallel  Circuits  (2%  hours  class  instruction,  31/*  hours  shop) 

Unit  1 0  —  Transformers,  Rectifiers,  and  Power  Supplies  (6  hours  class  instruction,'  4  hours  shop) 


8!ock  II 


Nonmetaihc  Sheathed  Cable 


Unit  1       -        National  Electrical  Code,  Electrical  Terminology,  and  8luepnnt  Reading  (3  hours  class  instruction,  3  hours  shop)  * 
'  \Jn\X  2      —       Conductors  and  Overcurrenl  Protective  (Devices  (3  hours  class  instruction,  3  hours  shop) 
Unit  3      -        Hand  Tools  (2V*  hours  class  instruction,  3/4  hour  shop) 

Unit  4      -        Single-Phase  Service  Entrances  and  Panelboards  (4  hours  class  instruction,  2  hours  shop)  ► 
Unit  5      -        NorT-Metalhc  Sheathed  Cable  (8  hours  class  instruction,  1  3  hours  fhop) 
Unit  6      —        Lighting  Systems  (3  hours  class  instruction,  3  hours  shop)  / 
Unit  7      —  '    y  Troubleshooting  Nonmetaihc  Sheathed  Cable  (3  hours  class  instruction,  7  hours  shop) 

/ 

Student  materials  include  workbook  material  and  study  guides  for  each  unit.  Six  programmed  texts  are  also  provided  for  student  use.  Instructor 
materials  include  a  plan  of  instruction  for  the  course  and  lesson  plans  tor  each  unit.  These  contain  an  outline  of  instruction,  objectives,  activities, 
materials  and  tools  needed,  text  assignments,  and  references.  Transparencies  and  films  are  suggested  but  are  not  provided. 
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LIST  OF  CURRENT  PAGES.  ' 
This  POI  consists  of  46  current  pages  issued  as  follows : 

Page  No.  *      ~  Issue 

Title    Original  .  - 

A     Original  4 

i  ^.  .  Original  . 

1  thru  40     Original  A 

Annex  (3  pages)   15  May  73  . 


DISTRIBUTION:  ATC/TTMS-1,  AULD-1,  SGPM-1,  TGE-100,  TTOT-1 
TTOX-1,  TTOR-1,  TTE-1,  CCAF/A¥-2 
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DEPARTMENT  OF  THE  AIR  FORCE  PLAN  OF  INSTRUCTION  3ABR54230-1 

USAF  School  of  Applied  Aerospace  Sciences  (ATC)  (pns  rode  a  tt\ 

Sheppard  Air  Force  Base,  Texas  76311  '  .  1  May' 1975 

FOREWORD 

1.    PURPOSE  •  This  plan  of  instruction  prescribes  the  qualitative  requirements  for 
Course  3ABR54230-1,  Electrician,  in  terms  of  criterion  objectives  presented  by  units/ 
modules  of  instruction,  and  shows  duration,  correlation  with  the  training  standard 
^  ^6r     '  and  instructi?nal  guidance.  It  was  developed  under  the  provisions  of 
ATCR  50-5,.  Instructional  System  Development,  and  ATCR  52-7,. Plans  of  Instruction. 

2     COURSE  DESCRIPTION.  This  technical  training  course  trains  airmen  to  perform 
duties  prescribed  in  AFM  39-1  for  Electrician,  AFSC  54230.  Training  includes 
security,  safety,  career  structure,  electrical  fundamentals,  using  tools  and  test 
equipment,  installation  of  service-entrances,  installation  and^aintenance  of  interior 
wiring  systems  in  nonmetallic  sheathed  cable  and  conduit,  motors  and  motor  instal- 
lations, fire  alarms,  intrusion  alarms,  and  cathodic  protection  systems.  Related 
training  covers  driver  education,  supplemental  military  training,  troop  information 
program,  •moral  leadership,  commander's  calls  /briefings,  etc. 

3.  EQUIPMENT  ALLOWANCE  AND  AUTHORIZATION.   Training  equipment  required 
to -conduct  this  course  is  listed  in  Equipment  Authorization  Inventory  Data  Number 
3ABR542300000.  Training  equipment  authorizations  for  this  course  are  based  on  the 
following  Tables  of  Allowance: 

TA  403       General  Purpose  Tools  (WRAMA) 
'    TA  486       Civil  Engineering  Electrical  Instruments  and  Control  Shop 

Line  Construction  and  Maintenance,  Appliance  Shop  and  Family 
Housing  Repair  Equipment  (WRAMA) 
TA  504       Food  Service  (Nontactical)  (WRAMA)  '  • 

.  NOTE:  Group  size  is  shown  in  parentheses  after  equipment  listed  in  column  3 
of  numbered  pages  of  this  POL 

4.  MULTIPLE  INSTRUCTOR  REQUIREMENTS.   Units  of  instruction  which  require 
more  than  one  instructor  per  instructional  group  are  identified  in  the  multiple 
instructor  annex  to  this  POI. 

5.  REFERENCES.  This  plan  of  instruction  is  based  on  SPECIALTY  TRAINING 
STANDARD  54230/50/70,  2  December  1970;  Change  1,  14  January  1972;  Change  2 

6  March  1973;  Change  3,  18  April  1973;  Change  4,  25  February  1974;  Change  5,'  . 

7  November  1974,  and  Course  Chart  3AQR54230-1,  20  March  1975. 

FOR  THE  COMMANDER  ' 

f 


LEONARD  A.  HAMIIffiPN,  Col,-  USAF 
Chief,  Dept  of  Civil  Engineering  Tng 


Supersedes  Plan  of  Instruction  3ABR54230-1,  13  July  1973 
OPR:  Department  of  Civil  Engineering  Training 
DISTRIBUTION:  Listed  on  page  A 


1  ') 


MODIFICATIONS 

_of  this  publication  has  (have)  been  delete'd  in 
adapting  this  material  f or-inclusion  in  the  "Trial  Implementation,  of  a 
Model  System  to  Provide  Military  Curriculum  Materials,  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use, of  ' 
military  forms,  procedures,  systems,  etc.     and  was  hot  considered  appropriate 
for  use  -in  vocational  and  technical* education. 
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5.    Electrical  and\Electronic  Fundamentals 


a.  Given  information  on  the  electron 
theory  of  electricity  and  a  list  of  applicable 
terms  and  definitions  A  match  each  term  with 
the  correct  definitions 

b.  Given  information  on  the  electron 
theory  of  electrical  current  flow,  complete 
statements  pertaining  to  current  flow  in 
conductors.  •  \ 

c.  After  observing  examples  of  electrical 
current  and  voltage  wave  forms,  draw  a 
diagram  for  AC,  DC  and  pulsating  DC  wave 
forms.  *  v 
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STS  Reference 

51  
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61 


Instructional  Materials' 

SG  3ABR54230- 1-1-5,  Electrical  and  Electronic  Fundamentals 
WB  3ABR54230.- 1-1-5,  Electrical  and  Electronic  Fundamentals 
2TP1V3100-01,  Introduction  to  Electrical  Symbols  ' 
2TPT-3112-04,  Electricity  -  Electromagnetism 

Audio  Visual  Aids 

F,LC  16/98,  Principles  of  Electricity 
AVA-719,  Reactance,  Capacitive 

TFl-5443a,  Basic  Electricity,  Inductance  in  AC  Circuits 
TFl-5443b,  Basic  Electricity,  Capacitance  in  AC  Circuits 
AVA-718  Reactance,  Inductive 
TVK  30-205,  Inductance  , 
Transparencies,  Electrical  Fundamentals 
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d.  Given  information  on  the  theory  and 
application  of  magnetism  and  a  list  of  terms 
and  definitions,  match  each  term  with  the  * 
correct  definition.         /  m 

e.  Given  information  on  the  theory  and 
application  of  untprtetism,  complete  statements 
pertaining  to  the  application  of  magnetism. 

f.  Using  previously  given  information  on 
the  theory  ot  magnetism,  a  galvanometer, 
magntt,  soft  iron  bar  and  a  length  of  copper 
wire,  perform  an  experiment  to  produce  an 
electrical  current. 

* 

g.  Given  hi  or  oration  on  reactance  in  AC 
circuits,  complete  statements  pertainii^  to  " 
Inductive  and  capacitive  reactance. 

h.  Using  the  information  ^given  on 
reactance  and  a  list  of  terms  and  definitions, 
match  eatfh  term  with  the  correct  definition. 

i.  Given  a  programmed  text,  identify 
symbols  used  in  electrical  and  electronic 
fundamentals. 
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Training  Equipment  ^  s 

Trainer,  Electrical  Fundamentals  (8) 
Trainer,  Missile  System  Electronic  Circuitry  (8) 
Trainer,  Reactance  Comparison  (8) 
Oscilloscope  (8)  » 

Training  Methods^  ^  . 

Discussion  and  Demonstration  (14.  5  hrs) 
Performance  (3.5  hrs) 

Instructional  Environment  /Design 
Classroom  (14.5  hrs) 
Laboratory  (3.5  hrs) 
'oup/Lockstep 


Instructional  Guidance  ,  ^ 

Discuss  the  construction  of  matter  and  electron  theory,  explaining  the  ' 
definitions,  unit  of  measurement  and  symbols  for  voltage,,  current  and 
resistance.  Using  electricalXundamentals  trainer,  demonstrate  the  ' 
characteristics  of  voltage,  curWit  and  resistance.  Introduce  and  - 
show  film  FLC  16/90.  Discuss  thfc  basic  laws  of  magnetism  and 
demonstrate  their  application.  Piscuss  the  different  types  of  reactance 
in  a  circuit  and  how  it  affecte  Alternating  current.  Demonstrate  electro- 
motive force  and  electroirajjnetic  induction,  using  the  fundamentals 
trainer.  Use  the  reactance  comparison  trainer  to  show  results  of 
reactance  in  RL  and  RC  circuits.  Introduce  and  show  films  TFl-5443at 
TFl-5443b,  TVK  30-205,  AVA-718;  and  AVA-719.  Show  and  explain 
basic  symbols  used  in  electronic  fundamentals.   References*  TO 
3N1-141-2,  Basic  Electronics  Technol6gy  and  Testing  Practices 
Chapter  3;  Basic  Electricity,  Vol  lf  Van  Volkenburgh. 
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6.  Meters 

a.  Given  information  on  multimeters, 
complete  statements  on  the  selection,  use  and 
care  of  electrical  test  instruments. 

b.  Given  information  and  provided  a 
trainer  with  six  problems,  use  the  multimeter 
and  answer  all  problems. 
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STS  Reference 
515 


Column  1  Reference 
6a,  6b 

Instructional  Materials 

SG  3ABR54230-1-I-6,  Meters 

WB  3ABR54230-1-I-6,  Meters       .        *  * 

TO  33A1-4-5-11,  Insulation  Test  Sets  ' 

TO  33A1-12-48-1,  Multimeter  - 

TO  33A1-12-126-1,  Multimeter 

Audio  Visual  Aids 
Transparencies,  Meters 

Training  Equipment 

Traiiier,  Multimeter  (8). 

Multimeter,  TS/297U  (1) 

Ohrameter,  AN  PSM2A  (8) 

Multimeter,  Clamp  on  Type,  AN/USM-33  (8) 

Trainer,  Conductor  (8) 

Training  Methods 

Discussion  and  Demonstration  (2  hrs) 
Performance  (1  hr) 

Instructional  Environment/Design 
Classroom  (2  hrs]  — 
Laboratory  (1  hr)  ' 
GroUp/Lockstep 
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i 

<* 

* 
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PLAN  OF  INSTRUCTION  (Continue 

t 

Duration 
'HOURS) 

SUPPORT  MATERIALS  AND  GUtT 

3 

ANCE 

*  * 

.V 

Instructional  Guidance 

Discuss  the  purpose  and  use  of  the  voltmeter,  ohmmeter,  ammeter, 
multimeter,  and  megometer.  Demonstrate  multimeter  controls,  meter 
connections  and  readings  of  different  scales  by  using, the  multimeter, 
trainer.   Demonstrate  the  procedures  for  resistance,  continuity  checks, 
voltage  and  amperage  Veadings.  Emphasize  "the  importance  of 
*  multimeters  for  use  charing-circuit  troubleshooting. 

•\ ., 

/  v 

1        *           1  . 
7.    Ohm's  Law  :ujd  Sferies  Gircuits 

a.    Given  Ohm's  law  forfnula  and  two" 

known  values,  solve  for  the  unknown. 

*                 «  * 

(9/0) 
Days  5,  6 
(3/0) 

Column  1  Reference                 STS  Reference 

7a    ,                                     6a,  6c,  6d,  6i 

7b,  7c                                    5b.  6a  6c   6i  6e   6i   Qol2)  8o(4) 

7d                                          6a,  6d,  6i 

« 

b.  Given  instructions  on  a  series  circuit, 
use  the  conductor  trainer  to  construct  a  series" 
circuit. 

c.  Using  the  previously  constructed 
series  circuit,  measure  and  record  the  voltage 
and  current  exactly  as  indicated  on  the  meters, 
then  apply  Ohm's  law  and  the  pbwer  formula  to 
calculate  the  resistance  and  power. 

d.  Given  series  circuit  problems,  use 
OhnVs  law  to  solve  for  unknown  values. 

12  /0\ 

\£m/  yjf 

(a/o) 

(2/0) 

Instructional  Materials' . » 

SG  3ABR54230-1-I-7,  Ohm's  Law  and  Series  Circuits 
WB  3ABR54230- 1-1-7,  Ohm's -Law  and  Series  Circuits 
J2TPT-3Mfo-02,  Ohm's  Law,  Series  Circuits  * 
2TPT-3101-01,  DC  Cirj^its-Series  Circuits 

Audio  Visual  Aids    \  * 

Transparencies,  Ohm's  Law  and  Series  Circuits 
Training  Equipment ) 

Trainer,  .Conauctor\(l)        ^  5 
Trainer,  Electrical  Fundamentals  (8) 

1 

•* 

• 

■< 

r 

* 

1 

Training  Methods 

Discussion  and  Demonstration  (4  hrs) 
Performance  (5  hrs) 

•  r 
i  > 

I 

r 
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8.    Parallel  Circuits 

a.    Givon  instructions  on  a  parallel 
circuit,  use  the  conductor  trainer  to  construct 
a  parallel  circuit. 

a&b.     "sing  the  previously  constructed 
parallel  circuit,  measure  and  record  the  volt- 
age and  current  exactly  as  indicated  on  the 
meters,  then  appty  Ohm's  law  and  the  powpr 
formula  to  calculate  the  resistance  and  power 

•» 

c.  Given  pjiraUel  circuit  problems,  use 
Ohm's  law  to  solve  lor  unknown  values. 
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PLAN  OF  INSTRUCTION  (Continued) 


DURATION 
(HOURS' 


6 

(0/0) 
Day  7 
(2/0) 


(2/0) 


(2/0) 


SUPPORT  MATERIALS  AND  [.USANCE 


Inst ru cti onal  En  vi  ronment/Desi pn  " 
Classroom  (4  hrs) 
Laboratory  (5  hrs) 
Group/Lockstep 

Instructional  Guidance 

Discuss  the  definition,  application,  construction  and  characteristics 
of  series  circuits.  Explain  Ohm's  law  and  demonstrated*  to  use  ' 
Ohm's  U>w  formula  to  calculate  unknown  values  of  voltage^  current 
resistance  and  power.  Demonstrate  construction,  operation  and  '  ' 
characteristics  of  series  circuits,  using  the  conductor  trainer  and 
electrical  fundamentals  trainer.  •  References:  TO  31-1-141-2  Basic 
Electronics  Technology  and  Testing  Practices,  Chapter  3-  Basic 
Electricity,  Van  Volkenburgh,  Vol  n. 


Column  1  References 


8a, 
8c 


8b 


STS  Reference 

5b,  6k,6c,6d,  6e,  6i,  8o(2),  8o(4) 
6a,6d,6i 


Instructional  Materials  * 
S„G  3ABTR5T230-1-I-8,  Parallel  Circuits 
WB  3ABR54230-1-I-8,  Parallel  Circuits 
2TPT-.3101-02,  DC  Circuits  Parallel 

Audio  Visual  Aids 
Transparencies,  Parallel  Circuits 

Training  Equipment 
Trainer^  ConducTbr  (1) 

Training  Methods 

Discussion  and  Demonstration  (2.  5  hrs) 
Performance  (3.  5  hrs) 


1  May  1975^ 
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I  <ON  AN 0  I  Hi  J  tWiOM  06  Jf  i  Ti  < 


9.    Series- Parallel  Circuits 

^     a.    Ci^en  instructions  on  a  series-  - 
parallel  circuit,  use  the  conductor \ rainer  to 
construct  a  series-parallel  circuit. 

b-   JJsing  the  previously  constructed 
series-parallel  circuit,  measure  and  record  . 
the  voltage  and  current  exactly  as  indicated  on 
the  meters,  then  apply  Ohm's  law  and  the  power 
formula  to  calculate  the  resistance  and  power 

c.  Given  series  parallel  circuit  problems 
use  Ohm's  law  to  solve  for  unknown  values. 


Plan  of  'HS!*o.  T»On  no 
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PLAN  OF  INSTRUCTION  (Cont.nucJ) 


SuRaT  ion 


6 

(6/0) 
Day  8 
(2/0) 


(2/0) 


(2/0) 


>UPPQRT  MATERIALS  AND  oJJit  AN.f 


Instructional  Environment /Design  7~  "  

Classroom  (2.5  hrs) 
Laboratory  (3.5  hrs) 
Group/Lockstep 

Instructional  Guidance         '  ~    .  * 

Discuss  the  defimtion,  application,  construction,  and  characteristics  of 
Rrallel  circuits.  Explain  application  of  Ohm's  law  and  d^oSS?hfll 
to  use  formula  to  calculate  unknown  values  of  current  voltage 
resistance,  and  power.  ' 


Column  1  Reference 
9b 

9c      '  . 


STS  References 
t>p,6a,6c,6d,6e,  6i,  8o(2),  8o(4) 
5b,  6a,j5c,  6d,  6g,  6i,  8o(2),  8o(4) 
6a,6d,6i  , 


!ftistructional  Materials  ■ 

su  3ABK54230-1-I-9,  Series-Parallel  Circuits 

WB  3ABR54230-M-9,  Series-Parallel  Circuits 

Audio  Visual  Aids 

Transparencies,  Series-Parallel  Circuits 

Training  Equipment 
Trainer,  Conductor  (1) 

Training  Methods 

Discussion  and  Demonstration  (2.5  hrs) 
Performance  (3.  5  hrs) 

Instructional  Environment /Design 
Classroom  (2.5  hrs) 
Laboratory  (3.5  hrs) 
Group/Lcrkstepi 
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PACE  nC 
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PL  AH  OF  INSTRUCTION  (Continued) 


UN"  1  t  Of  iinTRli    I. ON  ANC'  vRIT{  rion  OBJEC  livf  S 

1 

"duration 

HOURS1 

7 

SUPPORT  MATERfAt  S  ANO  GUIDANCE 

3 

\ 

10.  Transformers,  Rectifies  and  Power 
d  Supplies 

a.  Using  a  schematic  and  nomenclature 
pertaining  to  transformers,  label  the  three 
main  parts.              *  - 

b.  Given  an  incomplete  schematic  and 
required  information,  draw  the  secondary 
windings  of  a  transformer;  including  the 
output  voltage  value. 

c.  Given  a  drawing  of  a  transformer 
showing  tfiejiuinber  of  primary  and  secondary, 
turns  'and  the  applied,  voltage  and  current,  use 

thp  tni*Ti£»  FZitirv  f nrlYiti Iji  fri  HpfA^miuA  fhp 

IU1  IkP    JL,*XLl\J   LKJl  IUU 1U   IU  VICLC.1  1X41 11 V?  LllC 

secondary  voltage^ and  current. 

d.  Given  a  list  of  statements,  a  schematic 
and  required  information,  /complete  statements 
pertinent  to  use  of  transformers  in  electronic 
circuits. 

e.  Given  a  schematic, and  nomenclature 
pertaining  to  rectifiers,  label  the  main  parts. 

10 

(10/0)  ' 
Da^s^9,  10 

(2/0) 

(i/0) 

(1/0J 
(1/0) 

Instructional  Guidance 

Discuss  the  definition,  application,'  construction,  and  characteristics  of 
series  parallel  circuits.  Explain  application  of  Ohm's  law  and 
demonstrate  how  to  use  formula  to  calculate  unknown  values  of  current, 
voltage,  resistance  and  power.  References:  TO  31-1-141-2,  Basic 
Electronics  Technology  and  Testing  Practices,  Chapter  3  ;  Basic 
Electricity,  Van  Volkenburgh,  Vol  11. 

Column  1  Reference                  STS  Reference 

10a,  10b,  10c,  lOd  6g 

10e,  lOf  6h 

10g                                       6b,  8o(3) 

lOh  6b 

10i  ?h 

Instructional  Materials  - 

SG  3ABR54230-1-I-10,  Transformers,  Rectifiers  and  Power  Supplies 
Wb  3ABR54230-1-I-10,  Transformers,  Rectifiers  and  Power  Supplies 
2TPT-3103-15,  Transformers 

' 

Audio  Visual  Aids 

Transparencies,  Transformers,  Rectifiers,  Power  Supplies 
TF5279A,  Magnetic  Amplifiers 

Training  Equipment 
Oscilloscope  (8) 

Trainer,  Missile  System  Electronic  Circuitry  (8) 
Trainer,  Battery- Charger  (8) 
Trainer,  Electrical  Fundamentals  (8)  _ 

Training  Methods 

Discussion  and  Demonstration  (6  hrs) 
Performance  (4  hrs) 

plan  of  instruction  no^  3ABR54230-1 
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PL  AH  OF  INSTRUCTION  (Cont.nocd) 


UNll'iUf  IN„I  kuC  UOm  an'j     ki  1  fc  R  iOn  O  B  JE  C  7  I  V  t  S 


-    f .     Using  the  schematic  of  a  rectifier 
circuit,  trace  otio  alternation  6f  current 
through  the  circuit  by  using  arrows  to 
indicate  direction  of  current  flow. 

g.  Given  a  list  of  incomplete  statements 
and  required  information,  complete  statements 
pertaining  to  batteries. 

h.  Given  a  list  of  questions  pertaining  to 
electrical  and  electronic  power  supplies  and 
required  information,  answer  questions  on 
use  of  power  supplies. 

"i.     Given  a  drawing  of  a  magnetic 
amplifier,  label  the  three  main  parts. 

1 1 .  Related  Training 

12.  Measurement  Test  and  Test  Critique 


*n  of  insfrl.tion  no  3ABR54230-1 


Du  RAT  ION 
^  HOURS* 


(1/0) 


(1/0) 


(1/0) 


(1/0) 
20 

,2/0  ' 
Day  10 


Suf'POk  I  MATERIALS  ANU  GUlDANa 


Instructional  Environment/Design 

Classroom  (6  hrs) 
|  Laboratory  (4  hrs) 
|  Gt-oup/Lockstep 

i  Instructional  Guidance 

Discuss  transformer  nomenclature,  theory,  operation,  Construction*  and 
[  connections.   Explain  operating  principles,  construction,  connections 
[  and  applicatipn  of  rectifiers,  battery  chargers,  magnetic  amplifiers 
and  transistors.  Demonstrate  on  oscilloscope  the  rectified  wave  forms 
both  filtered  ahd  unfiltered.  Introduce  and  show  film  TF  5279A, 
Magnetic  Amplifiers.  Explain  how  transformers  and  rectifiers  are  used 
to  construct  electrical  and  electronic  power  supplies. 


'Reference:  TO  31-1-141-2,  Basic  Electronic  Technology  and 

Jesting  Practices,  Chapter  3:  Basic  Electricity,  Van  Volkenburgji,  * 
j  Vol  II. 
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PLAN  OF  INSTRUCTION 

(  CURSF  TITLE 

Electrician 

Nonmetallic  Sheathed  Cable 

UN.  TS  Of  INSTRU  TION  AND~CNl  FERlON  OBJfcCWES 

1 

Duration 

(HOURS) 

7 

^                                                  SUPPORT  MATERIALS  AND  guidance 

\.    National  Electrical  Code,  Electrical 
Terminology  and  Blueprint  Reading  - 

a.    Given  a  National  Electrical  Code  (NEC), 
list  its  purpose  and  scope. 

6 

Column  1  Reference                   STS  ^Reference 

« 

(6/0) 
Day  11 

la,  lb,  1c                               4f,  6i 

W                                         7a,  7b,  7d 

Instructional  Materials  S 

b.    Given  a  National  Electrical  Code  and 
a  list  of  electrical  terms,  write  the  definition 
of  each  term. 

*  c.    Given  a  National4 Electrical  Code  and 
selected  electrical  problems,  list  the  correct 
answer  to  each  problem. 

»  (1/0) 
(2/0) 

SG  3ABR54230-1-II-1,  National  Electrical  Code,  Electrical  Terminology 
and  Blueprint  Reading 

WB  3ABR54230-1-II-1,  National  Electrical  Code,  Electrical  Terminology 

and  Blueprint  Reading 
National  Electrical  Cofde 

National  Electrical  Code  and  Blueprint  Reading,  K.  L.  Gebert 
Audio  Visual  Aids  * 

d.    Given  a  blueprint,  NEC,  and  selected 
electrical  installation  problems,  identify  * 
locations  and  list  the  wiring  requirements  for 
electrical  component  installation  to  meet 
National  Electrical  Code  and  blueprint 
specifications. 

(2/0) 

Transparencies,  Symbols 
Electrical  Blueprint,  TAG  6065 

Training  Methods 

Discussion  and  Demonstration  (3  hrs) 
Performance  (3'hrs) 

Instructional  Environment/Design 

» 

Qlassroom  (3*  hrs)  ♦ 
Laboratory  (3  hrs)  ^ 
G  roop/Lockstep  * ' 

j 

f 

*> 

ano'  instruction  3ABR54230-1 
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PACE  NO  13 
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UNi  TS  if  ,nslQ  jCT  -ON  anO  t  Ri  T  £«iO?i  08JEC  Tiv£  S 


Conductors  and  Overcurrent  Protective 
Devices 

a.  Given  the  National  Electrical  Code  and 
a  list*of  conductor  sizes  and  insulation  types, 
list  the  amount  of  current  each  conductor  will 
carry. 

b.  Given  the  National  Electrical  Code  and 
a  list  of  circuits,  list  the  proper  size  conductor 
to  use  in  accordance  with  the  National  Electri- 
cal Code.  ^ 

> 

c.  Given  the  National  Electrical  Code  and 
a  list  of  overcurrent  devices,  select  facts 
pertaining  to  the  different  types  of  overcurrent 
devices  in  accordance  with  the  National 
Electrical  Code. 

d.  Given  a  listK)f  overcurrent  devices  and 
the  National  Electrical  Codc,%  select  the  correct 
overcurrent  device  to  meet  the  NEC  require- 
ments. 


Kan  OF  n"wuvTi0nnO 


3A0R5423O-1 
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PLAN  OF  INSTRUCTION  (Continued) 


SUPPORT  MATERIALS  anO  GUIDANCE 


Instructional  .Guidance 

Explain  the  purpose,  scope  and  use  of  the  NEC  (Article  90). 
Define  electrical  terms  in  Article  100  of  the  NEC.  Discuss  the 
arrangement  of  the  NEC.   Show  and  explain  symbols  used  for  common 
electrical  equipment.   Demonstrate  the  method  for  reading  a  blueprint 
using-a  blueprint  and  a  list  of  symbols.  n  * 


Column  1  Reference 
2a,  2b,  2c,  2d 
2e 


STS  Reference 

"7b  T- 

9h 


Instructional  Materials 

SG  3ABR54230-1-II-2,  Conductors  and  Overcurrent  Protective  Devices 
WB  3ABR54230-1-II-2,  Conductors  and  Overcurrent  Protective  Devices 
National  Eleptrical  Code  -l 
National  Electrical  Code  and  Blueprint  Riding,  K..  L.  Gebert 

Audio  Visual  Aids  -  \ 

Transparencies,  Conductors  and  Overload  Devices  . 

Training  Equipment 

Trainer,  Conductor  Size  and  Protective  Devices  (8) 
4  Trainer,  Circuit  Breaker  (2) 
Tester,  Multi-Amp,  MS  1(A)  (8) 

,  « 

Trainlng*Methods 

Discussion  and  Demonstration  (3  hrs) 

performance  (3  hrs)  ' 

Jnstructional ^Environment  /Desigrn 
Classroom  (3  hrs)  . 
laboratory  (3  hrs) 
Group/Lockstfep 


1  May  1975 


II 


PACE  NO. 


14 


0  < 
u  x 


I'N'I     O,  <n*  ,  f.    ,  r»ON  AMI*  f  (f|  I  I  Rl  jN  OBjtC  T  t  ^1  S 


^.    Observe  thfc  steps  for  testing  a  molded 
case  circuit  breaker  with  an.MSl(A)  fester  in 
accordance  .with  the  manufacturer's 
specifications.  1 


3.    Hand  Tools 

a.    Given  information  and  a  set  of  selected 
hand  tools,  identify  the  use  ^nd  care  .of  each 
hand  tool. 


plan  of  .N^atcnoN  nc  ^  3ABR54230-1' 


PLAN  OF  INSTRUCTION  (Continued 


OUR  at  I On 
HOUR*' 


o7o) 


■  3 

(3/0) 
Day  13 
(3/0) 


SUPPORT  MATERIAlb  AND  GUIDANCE 


Instructional  Guidance  *  * 

Discuss  the  different  types  and  sizes  of  conductors  and  material  used 
for  insulation  and  their  limitations  according  to  the  NEC.  Discuss  the 
American  Wire  Gage  and  conduct^  sizes  that  are  not  covered  by  the 
AWG.   Discuss  the  purpose,  types,  and.  ^ses  of  overcurrent  protective 
devices  and  the  NEC  requirements.  Demonstrate  the  operation  and  use 
of  the  MSI  (A)  tester  and  circuit  breaker  testing.  > 


Column  1  Reference 
3a  " 


STS  Reference 
5a(l)  " 


Inst  met i  onal  Mate  rial^ 

SG  3ABR54230-l-n-3,s*  Hand  fools 

WB  3ABR54230-1-II-3,  Band  Tools- 


Audio  Visual  Aids 

Transparencies,  Hand  Tools 

TF  1-4603,  ABC  of  Hand  Tools,  Part  I 

TF  1-4603,  'ABC  of  Hand  Tools,  Part  n 

Training  Equipment 
Hand  Tool  Set  (8) 

Training  Methods  '  '  ± 

Discussion  and  Demonstration  (2#25  hrs) 

Performance  (#75  hr) 

Instructional  Environment/Design 
Classroom  (2.25  hrs) 
Laboratory  (0.75  hrs) 
Grou'p/L'ockstep* 


0ATf       1  May  1975 
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PLAN  OF  INSTRUCTION  (Contmu^ 

^            UMfS  j»  inSIRoCT<on  anO  itflTfRiON  OBJECTIVES 

dj*  ation 

*                                 Support  materials  and  GUiOANCE 

«  t 

4.    Single- Phase  Service  Entrances  and 
Panelboards 

a.  Provided  n  booth  area,  hand  tools, 
and  a  working  drawing,  install  a  single-phase 
120/240  volt  service  entrance  and  grounded 
panelboard  according  to  NEC  specifications. 

b.  Provided  information,  tools,  and 
materials,  cqaqect  and  check  the  ground 
conductor  to  NEC  specifications. 

• 

1  f.  »m  o'.sst  action  no  3ABR54230-1 

6 

(6/0) 
Days  13,  14 

(5/0) 

(1/0) 

! 

Instructional  Guidance  ' 

Identify  and  demonstrate  the  use  and  maintenance  of  the  common 
electrician's  hand  tools.  Emphasize  to  the  students  that  the  speed  and 
accuracy  with  which  they  do  their  work  depends  upon  their  knowledge  and 
use  of  hand  tools.  Stress  safety. 

Column  1  Reference                 STS  Reference 
4a>  4b                                    ^a,  7b,  7d,  8a(l),  8a(2),  8a(3),  8b, 

8h,  80(1),  8o(4) 

Instructional  Materials  , 

SG  3ABR54230-1-II-4,  Single-Phase  Service  Entrances  and  Panelboards 
WB  3ABR54230-1-II-4,  Single-Phase  ServiceVEntrances  and  Panelboards 
National  Electrical  Code  \ 

Audio  Visual  Aids 

Transparencies,  Single-Phase  Service  - 
TVS-54/5,  3  and  4  Wire  Service 

Training  Equipment                      ^  * 
Hand  Tool  Set  (6) 

Trainer,  Entrances  and  Panelboards  (8) 
Multimeter,  TS/297u  (1) 

Training  Methods              ■  \ 
Discussion  and  Demonstration  (4  hrs) 
Performance  (2  hrs) 

Instructional  Environment/Design 
Classroom  (4  hrs) 

Laboratory  (2  hrs)  ^ 
Group/Lockstep 

0Alt      1  May  1975 
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PLAN  OF  INSTRUCTION  (Continued) , 


f^N  *nd  cwi  j         ob  jec  rives 


Nonmetallic  Sheathed  Cable 


a.  Given  information  pertaining  to  the 
construction  characteristics,  types,  and  uses 
of  nonmetallic  cable,  list  the  correct  answer 
to  each  problem  bjTresearching  the  information 
in  the  NEC. 

b.  Qiven  the  necessary  tools,  equipment, 
and  instructions,  make  and  solder  splices- 
according  to  NEC  specifications. 

*^ 

tl       c.    Provided  a  work  area  and  hand  tools, 
^install  a  circuit  in  nonmetallic  cable  containing 
a  3biling  light,  a  single-pole  switch  and  a 
duplex  receptacle,  according  to  NEC  specifi-' 
cation.  , 

d.    Provided  a  work  area  and  hand  tools, 
install  a  circuit  in  nonmetallic  cable  containing 
a  220  volt  receptacle,  according  to  NEC 
specifications." 


Dor a i  ion 

imOURS 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Guidance       ,    '  : 
Discuss  the  NEC  requirements  for  service  installation  (Articles  200 
230,  250,  and  300).  Demonstrate  the  different*  parts  used  to  make  up  a 
service.  Discuss  the  different  types  of  service  entrances.  Discuss 
methods  of  grounding.   Explain,the  purpose  of  single-phase  and  three- 
phase  entrances  and  panelboards.  Stress  safety^Have  students  connect 
and  check  ground. 


21 
(21/0) 
Days  14,  15 
16  and  17 

(3/0)'^ 


Column  1  Reference 
5b  ' 

5c,  5d,  5e,  5f 


STS.  Reference 
BT;  7a,  7b,  73" 


5a(3) 

|6t  8h>  8i,iL  8m,  Ml),  8o(2), 
8o(4) 


(3/0) 


(6/0) 


Instructional  Materials 

SG  3ABR54.230-1-II-5,  Nonmetallic  Sheathed  Cable 
WB  3ABR54230-1-II-5,  Nonmetallic  Sheathed  Cable 
National  Electrical  Code 


(3/0) 


Audio. Visual  Aids 

TF  6027,  Roughing  in  Nonmetallic  Cable       *     '  . 
TVS  54/3,  Three-and  Four-Way  Switches 

Transparencies:  Nonmetallic  Sheathed  Cable  and  Splices;  Installation 
of  Nonmetallic  Cables;  Three-and- Four- Way  Switches 

Training  Equipment 

Hand  Tool  Set  (8)     ■  <  ,    (  , 

Solder  Equipment"^) 


Training  Methods 

Discussion  and  Demonstration  (8  hrs) 
Performance  <13  hrs) 


3ABR54230-1 


DATE 


.1  May  1975 


BLOCK  NO 


n 


PACt,  NO 


17 


UHl  IS  Of  iNiT  »tiCT»ON  anD  CRITERION  OBJECTIVES 


e.  Provitlecl  a  work  area  and  hand  tools, 
install  a  circuit  in  nonmetallic  cable,  contain- 
ing tw0o  three-way  switches  to  control  a  ceiling 
light;  according  to  NEC  specifications. 

f .  Using  the  previously  installed  three- 
way  switches,  install  a  four-way  switch 
according  to  NEC  specifications. 


Lighting  Systems 


a.  Given  information  pertaining  to 
incandescent  lighting  and  a  list  of  problems, 
correctly  solve  each  problem. 

b.  (  Given  ihformation  pertaining  to 
.fluorescent  lifting  and  a  list  of  problems, 
correctly  solve  each  problejn. 

c.  Provided  a  work  area  and  hand  tools, 
install  a  circuit  in  ncmraetallic  cable,  contain- 
ing a  fluorescent  light  and  a  single-pole 
switch  according  ft>  NEC  specifications. 


' i  an  of  iNSTRucT  ibf/No  3ABR5423(M 

* 

•    ~  .  41 
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PL  AH  OF  INSTRUCTION  (Conhnuecf) 


Duration 
<hou«S> 


(3/0) 


(3/0) 


6  - 
(6/0) 
Day  18 

(•2/0) 


(2/0) 


(2/0) 


Support  materials  and  guidance 


r 


Instructional  Environment /Design 
Classroom  (8  hrs) 
Laboratory  (13  hrs) 
Group/LQckstep 

Instructional  Goidance 

Discuss  and  demonstrate  the  construction,  types  and  use  of  nonmetallic 
cable.   Have, students' splice,  solder,  and  tape  wire  connections. 
Discuss  the  circuitry  and  connections  of  devices.  Stress  safety. 


Column  1  Reference 

6a,  6b  • 

6c 


STS  Reference 
7a,  lOj  . 
8m,  8o(l),  8o(2),  8o(4) 


Instructional  Materials      \  1 
SG  3ABR54230-1-H-6,  Lighting  Systems 
WB  3ABR54230-1-II-6,  Lighting  Systems 
National  Etepfcrical  Code 

Audio  Visual  Aids  ', 

Transparencies,  Incandescent  and  Fluorescent  Lighting 

Training  Equipment 

Trainers,  Fluorescent  Lights  (#) 

Hand  Tool  Set  (8)  '  * 

»  * 

Training  Methods  - 

Discussion  and  Demonstration  (3  hrs) 

Performance  (3  hrs) 


DtTE  -  1  May  1975 
.  


BLOCK  NO 


n 


18 


PLAN  OF  INSTRUCTION  (Continued) 

^              UN       Oi  >H*  !  kiu  J  :*N  A^O  CRITERION  OBjfe  '  T)VgS 

DURATION 

^  tHOURSi 

■  

support  materials  aso  GuiOANCfc 

* 

7.    Troubleshooting  Nonmetallic  Sheathed 
Cable 

a.    Provided  a  multimeter  and  instruc- 
tions, troubleshoot  an  energized  (120/240  volt) 
electrical  circuit  to  locate  troubles  inserted  in 
the  circuit  by  the  instructor. 

b1.    Provided  a  multimeter  .and  instruc- 
tions, troubleshoot  a  deenergized  circuit  to 
locate  troubles  inserted  in  the  circuit  by  the 
instructor. 

c.  Given  information  pertaining  to 
-balancing  branch  circuits,  balance  the 
circuits  installed. 

d.  Using  tools  and  instructions  provided, 
disconnect  electrical  circuits,  sort  material 
and  store  in  designated  storage  facilities. 

10 

(10/0) 
Days  19,  20 
(4/0) 

(4/0) 

(1/0) 
(1/0) 

1 

  f* 

Instructional  Environment/Design                  "                     .  ^* 
Classroom  (3  hrs)                                j  ^~ 
Laboratory  (3  hrs) 
Group/Lockstep 

*  Instructional  Guidance  * 

j  Discuss  Wpes,  construction  features,  uses,  specifications,  installation 
1  procedures,  circuitry  and  operational  characteristics  of  incandescent 

and  fluorescent  lighting.  Have  students  install  a  fluorescent  light  circuit, 

Stress  safety/  m 

Column  1  Reference                 STS  Reference 

7a*                                        5a(l),  5b,  9m,  10a,  lOti,  10c,  lOe, 

10f(l),  10f(2),  10f(3),  lOg,  lOh,  lOi,  10k 
7c  8i 
7d  5a(l) 

Instructional  Materials 

SG  3ABR54230-1-ET-7,  Troubleshooting  Nonmetallic  Sheathed  Cable 
WB  3ABR54230-1-II-7,  Troubleshooting  Nonmetallic  Sheathed  Cable 

Audio  Visual  Aids  * 

TF  6078,  Troubleshooting  Electrical  Circuits 

Transparencies,  <  Troubleshooting 

Training  Equipment 
Multimeter  (1)  „ 
fjand  Tool  Set  (8) 

Training  Methods 

Discussion  and  Demonstration  (3  hrs) 
Performancf  (7  hrs) 

pc  an  of  ins-  roct  ion  no      3  ABIJ54230- 1 

A 

0ATE   \1  May  J975 

BLOCK  NO  J} 

PACE  NO  )9 
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PLAN  OF  INSTRUCTION  (Conttnued)  ^ 

UN       Of  inSJRuC  T.On  anC  CRtTERtON  OBJtCliVf  S 

•DURATION 
(HOURS) 

support  materials  ano  guidance 

*  * 

8.  Related  Training 

9.  Measurement  Test  and  Test  Critique 

• 

20 

2/0 
Day  20 

• 

Instructional  Environment/Design 
Classroom  (3  hrs) 

Laboratory  (7thrs)  T, 
Group/Lockstep         .                                              «  ^ 

Instructional  Guidance 

Explain  methods  and  procedures  for  troubleshooting  ^circuits.  Discuss 
the  various  types  of  troubles  and  the  use  of  meters  in  locating  circuity 
troubles*  Explain  haw'to  balance  branch  circuits.  Have  students 
locate  troubles  inserted  in  their  circuits.  Stress  .safety. 

<  * 

* 

pianos  iri.TRucTiONfTc  3A13R54230-1 

°ATt       1  May  1975              block  no,  jj 

PAGE  NO  20 

I  ***«oval  ornci  a^J*}*/^       A  ,NST»U 

TCETC/lSMay^fe^-^  ^ 


COURSE  NUMBER 

3ABR54230-1 


BLOCK  NUMBER 

I 


LESSON  TIT  L  £ 


LESSON  PLAN  (  Port  1,  G^arW) 

CTOR 


COURSE  TITLE 

Electrician 


BLOCK  TITLE 

Electrical  Fundamentals 


Electrical  and  Electronic  Fundamentals  (Days  2,  3,  and  4) 


ClASSROOM/HeORATOftY 

 18  Hrs 


LESSON  DURATION 


COMPLEMENTARY 


0' 


PAGE  NUMBER 

5  and  6 


POI  REFERENCE  V 


TOTAL 


18  Hrs 


PACE  DATE 

 1  May  1975 


PARAGRAPH 


STS/CTS  REFERENCE 


542X0,  Changes  1,  2,  3,  4,  and  5 


z  Dec  VU  (14  Jan  72,  tf  Mar  73, 


SIGNATURE 


SUPf  RVISOR  APPROVAL 


1ft  Apr*  73   9*  vau  iA   7  Nmr  71) 


DATE 


SIGNATURE 


OA  CE 


PRECLASS  PREPARATION 


EQUIPMENT LOCATCO 
IM  LABORATORY  " 


EQUIPMENT  , 
FROM  SUPPLY 


CLASSiriEO  MATERIAL 


GRAPHIC  AiD$  AND 
UNCLASSIFIED  M^TERI 


Trainers,  Electri-J  Projector,  16mm 
cal  Fundamentals; 

'  Missile  Systems 
Electronic  Cir- 
cuitry; Reactance 
Comparison 

Oscilloscope 
Projector,  Over- 
-  head  


None 


CRITERION  OBJECTIVES  AND  TEACHING  STEPS 


5a.     Given  information  on  the  electron  theory  of 
,  electricity  and  a  list  of  applicable  terms  and  definitions 
match  each  term  with  the  correct  definition'  ' 

(1)     Construction  of  matter 

*X2)     Parts  of  the  atom 

(3)     Types  of  energy 

5b.  Gi^n  information  on  the  electron  theory  of  electrical  current  flow 
complete  statements  pertaining  to  current  flow  in  conductors.  ' 

(1)  Voltage 


SG  1-5 * 
W8  1-5  " 

2TPT^3100-01 .  Intpoouction 

to  Electrical  Symbols 
2TPT-3112V04.  ELECTRICITY. 
.    Electromagnet i tm 
Transparencies.  Eiectrical* 

Fundamentals 
FLC  16/98.  Principles  of  n 

Electrici ty 
AVA  7l£'.  reactance.. 

Cap  ac  i  t  i  ve 
tf1*5443a*.  Basic  Electricity, 

INOUCTANCE    IN  AC  CfRCVfT* 
TF1.544^B.  BASIC  El ECTR | c I TY » 

^  Capacitance  in  ac  Circuits 
AVA.718.  Reactance.  * 

INOUCTI VE 

TVK  3Q.2Qff.  |nouc?ancs 


ATC 


PORM 

AUG  72 


770 


ERLC 


(2) 


V 


LESSON  PLAN  (Po,t  |,  CutoJ)  CONTINUATION  SHEET 

CRITERION  OBJECTIVES  AND  TEACHING  STEPS  (C.nr.nu.d) 

(a)  Sources 

(b)  #  Fffect 

(c)  Symbols  and  terms 
Current 

9 

■\ 

(a)  -.Causes^  . 

(b)  Effect  . 

(c)  Symbols  and  terms 
.  y(57^  Resistance 

(a)  Types  - 

(b) *   'Effect  * 

•  \  ■'  •/ 

(c)  Symbols  and  .terms 

,» 

5c  After  observing  examples  of  electrical  current  and  voltage  waveforms  draw 
a  diagram  for  AC,  DC,  and  pulsating  DC  wave  forms;       .  ' 

(1)  .    Describe' the  structure  of  sine  waves 

(2)  x  1  Demonstrate  wave  forms 

ff^c^^  ^fp^ati0n  °^'the  the,ory  ^  aPPlication'of  magnetism  and  a  list  of 
terms  and  definitions,  match  each  term  with  the  correct  definition. 

(1)  .   Theory  and  history  of  magnetism 

(2)  Terms  concerning  magnetism  ' 

(3)  Types  of  magnets  '  ' h 

(a)  •  Permanent  , 

(b)  Temporary 


5e  •  Giyen.infprmation  on  the  theory  and  application  of  magnetism/ complete 
statements  pertaining  to  the  application  of  .magnetism. 


(1)     Use  of  permanent  magnets 


An 


LESSON  PL  AH  (Pm  |,  Gn«4)  CONTINUATION  SHEET 


CH'TERIQN  OBJECTIVES  AMD  TCA,CHINO  JT6M  <C~.t„«.d) 


(2)     Use  of  temporary  magnets 

5f.    Using  previously  given  information  on  the  theory  of  magnetism,  a  gal^tanome- 

ner.^.,magn    \  *?    T  bar       *  length  of  *****  wire>  &rto™  ™  experiment  to 
produce  an.  electrical  current. 


(1)  Theory  of  generating  of  a  voltage 

(2)  Generation  of  voltage 
(ay.  Single-phase 
(bR  Three-phase 


5g  Given  information  on  reactance  in  AC  circuits,  complete  statements 
pertaining  to  inductive  and  capacitive  reactance; 

(1)  *  Inductance 

(a)  Theory  '  v 

(b)  Symbol  and  unit  of  measurement- 

(c)  s  Effects 

(d)  formula  for  calculations 

(2)  Capacitance    v  )  1 
f(m)  Theory 

.  (b)     Symbol  anchmit  of  measurement 

(c)  Effects  * 

\ 

(d)  Formula  for  .calculations 

t 

(3)  Impedance' 
(a)  Theory 

-  „  (b)    "Symbol  and  unit  of  measurement 

_  *  * 

(c)~  Effects 

HO 

'  (d)     Formula  for  calculates 


ATC    ro*M  770A 


.  3 


6 


LESSON  PL  AH  (Put  I,  GmmoI)  CONTINUATION  SHEET 


CRITERION  QBJggiVES  AMD  TeAChlNOiSTEPt  (C*ntln».j) 


5h.  Using  the  information  given  on  reactance  and  a  list  of  terms  and  definitions 
match  each  term  with  the  correct  definition. 

(1)  Explanation  of  reactance  terms  *  . 

(2)  Define  Impedance 

» 

5i.  Given  a  programmed  text,  identify  symbols  used  in  electrical  and  electronic 
fundamentals.  b 

(1)  •   Common  electrical  symbols  K 

(2)  Purpose  for  using  electrical  symbols 


1 


\ 


Course  No:  3ABR54230-1 
Day:  2,  3,  4 


Branch  Approval: 


'  ;  Pater 


PART  n 
INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAYS  STUDY  ASSIGNMENT: 

REVIEW:  ^ 

Review  subject  matter  covered  in 

previous  day  or  incuviduaTproblem  v  ' 


areas. 


ATTENTION: 


OVERVIEW: 


MOTIVATION; 


■o 

RIO 


BODY  (17  Hrs  45  Min)  j 

PRESENTATION-  • 

•  % 

5aA  Gi^en  information  on  the  electron 
theory  of  electricity  and  a  list  of 
applicable  terms  and  definitions, 
match  each  te.rm  with  the  correct 
definition.  \> 

ft 

(1)  Construction  of  matter 


(2)   Parts  of  "the  atom 


t 


(3)'  Types  of  energy 


5b.  Given  information  on  the 
"  electron  theory  of  electrical 
current- flow,  complete 
statements'-pertaining  to  current 
flow  in  conductors.  4 


(1)  Voltage 


>     (a)  Sources 


■cpy 


/ 


(b)  Effect 


(c)  Symbols  and  terms 


(2)  Current' 


(a)  Causes 


(5)  Effect 


(c)  Symbols  and  terms 


(3)  Resistance 


(a)  Types 


(b)  Effect 


(c)  Symbols  and  terms 


i>3 


5r.  After  observing  examples  of 
electrical  current  and  voltage 
wave  forms,  draw  a  diagram 
-  for  AC,  DC,  and  pulsating  DC 
wave  forms . 


(1)  Describe  the  structure  of 
sine  waves 


(2)  Demonstrate  wave  forms 


•  APPLICATION: 
WB  3-ABR54230-1-I-5,,  Exercise  1,  Electron  Theory 

CONCLUSION  (Day  2) 

SUMMARY: 

Coyer  main  points  of  lesson. 

.  STUDY  ASSIGNMENT: 

Electrical  and  Electronic  Fundamentals 
SG  3ABR54230-1-I-5,  Section  HyMagnetism 


INTRODUCTION  (Day  3) 
<  HKC'K  PREVIOUS  DAYS  STUDY  ASSIGNMENT: 
Check  workbook.  ,  ;. 


REVIEW: 


OVERVIEW- 


MOTIVATION: 


' .       .        -  " 
PRESENTATION:  ' 

5dy  Given  information  on  the  theory 
:  and  application  of  magnetism  and  - 
a  list  of  terms  and  definitions, 
match  each  term  with  the  correct 

'  definition; 


(1)   Theory  and  history  of  magnetis 


(2)    Terms  concerning  magnetism 


(3)   Types  of-  magnets 


(a)  Permanent 


(b)  Temporary 


Given  information  on  the  theory  - 
and  application  of  magnetism;  : 
complete  statements  pertaining 
to  the  application  of  magnetism." 

(1)   Use  of,  permanent  magnets 


(2)   Use  of  temporary  magnets 


(a)  Electro-magnetism 


10 


5f.     Using  "previo^isli  given  information 
on  the  theory  of  magnetism ,  a 
.  galvanometer ,  a  magnet/  soft  iron 
bar  and  a  length  of  copper  wire, 
perform  an  experiment  to% produce 
an  electrical  current. 


(1)   Theory  of  generation  of  a 
voltage 


(2)   Generation  of  voltage 


(a)  Single-phase w 


(b)  Three-phase 


APPUCATION: 

WB  3ABR54230-1-I-5,  Exercise  II, 
2TPT3112-04,  Electricity  -  Electro  magnetism 

.     CONCLUSION  (Day  3) 
SUMMARY:  '  . 

Cover  main  points  of  lesson. 


11 


3TUDY  ASSIGNMENT: 

Electrical  and  Electronic  Fundamentals 

SG  3ABR54230-1-I-5,  Section^,  Reactance  Inductance 

INTRODUCTION  (Day  4) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT 
Check  workbook 

p 

REVIEW:  * 


OVERVIEW: 


MOTIVATION: 


12 


PRESENTATION: 

5g.  Given  information  on  reactance 
in  AC  circuits,  complete 
statements  pertaining  to  inductive 
and  capacitive  reactance. 


(1)  Inductance 


(a)  Theory 


(b)  Symbol  and  unit  of 
measurements 


(c)  Effects 


(d)  Formula  for  calculations 


(2)  Capacitance 


(a)  Theory 


(b)  Symbol  and  unit  of 
measurement 


13 


3S 


(c).  Effects. 


(d)   Formula  for  calculations 


(3)  Impedance 


(a)  Theory 


(b)  Symbol  and  unit  of 
measurement 


(c)  Effects 


(d)  Formula  for  calculations 


oh.  Using  the  information  given  on 
reactance  and  a  list  of  terms  and 
'  definitions,  match  each  term  ' 
with  the  correct  definition. 


(1)  Explanation  of  reactance  terms 


(2)  Define  impedance 


GO 


9 

ERIC 


5i.  Given  a  programmed  text,  identify 
symbols  used  in  electrical  and 
electronic  fundamentals. . 


\ 


(1)  Common  electrical  symbols 


(2)   Purpose  for  using  electrical 
symbols 


APPLICATION: 

WE  3ABR542 30- 1-1-5,  Exercise  m 
2TPT-3100-01,  Introduction  to  Electrical  Symbols 

t 

EVALUATION:      ■  -         v  • 

Evaluate  by  oral,  written  questions,  » 

and/or  ooservation  of  student's 

performance  during  lesson.  This 

may  be  accomplished  at  any  time 

during  lesson  for  increased  effectiveness. 

•  CONCLUSION  (10  Minutes) 

SUMMARY: 

Cover  main  points  of  lesson. 


15 


0 


c; 


.  f 


:31 


REMOTIVATION: 


STUDY  ASSIGNMENT: 
Meters  -  SG  3AE-R54230-1-I-6 

SG  3ABR54230-1-7,  Ohm's  Law  and  Series  Circuits 


82 


ERLC 


16 


'  i"lti',f  NUMlH  i;  •— --  ■ — ■  ■  


3ABR54230-1 


8l  J>C*  NUMHt'ff 

L      -  I 


.r^soN  r>-. e 

Meters  (Day  5) 


LBSSOW  PLAN  (  Part  |,  Cwwil) 

IStrucTor      "  ~~ 


<  oup\f  nrt  p 

Eloctri<u;m 


Bt.Oi  K  Ml  LI 

Electrical  Fundamental  g 


Cl A  3  SROOM/L  MORATORY 

3  Hrs 


LESSON  DURATION 


[ COMF1 £M£N  TA  R  Y 


»AGE  NUMBER 

7 


POI  REFERENCg 


TOTAL 


3  Hrs 


PAGE  0 AT E 

1  May  1975 


number ' '   

542X0.  Changes  1   2T  3.  4,  snH  5 


STS/CTS  REFERENCg 


PARAGRAPH 


A2  D79  ?oi14  Jan  WA  6  Mai'  73  > 


EQUIPMENT  LOCATED 
IN  LABORATORY 


Trainer,  Multir 

meter 
Trainer,  Conduc- 
a  tor 

Projector,  Over- 


'PRSCLASS  PREPARATION 

CLASS!*  IMMATERIAL 


None 


EQUIPMENT 
 rWOM  SURRLY 

Multimeter,TS/297U 
Ohmmeter,  AN/PSM- 
2A 

Multimeter,  AN/ 
USM-33 


CRtftmON  OBJECTIVES  AND  TEACHING  ITEP1 


GRAPHIC  AIDS  ANO 
UNCLASSIFIEO  MATERIAL 


SG  I  ."6 
SG  1.6 

TO  33AI-4-5.M,  InSuiatioi. 

Test  Sets 
TO  33*^-12.48. 1.  MULTI. 

METER 

TO  33Al.12.l*»6.l.,MuiT|. 
METER 

TRANSPARENCIES,  METERS 


t 

t     on  and  theory  of  operation 

(2)  Purpose  and  types  of  meters 

(3)  'Scale  interpretation  and  proper  procedures  for  meter  use 

(4)  Connections  required  to  safeguard  meters 

<5)     Care  and  selection  of  meters  4 


6b. 


Gt!,V»»errSiato^2r0Vlded  a  trainer  wlth      **>«.  »»  *  multi- 


meter  to  answer  all  problem  sr. 


9 

ERIC 


LESSON  PLAN  (Part  I,  G.n.rol)  CONTINUATION  SHEET 


CRITERION  OBJECTIVES  AND  TEACHING  STEPS  (CoM.nM.d) 


(D     Continuity  readings  •  \ 

(2)     Connection  for  voltage  readings 


V 


/ 


V 


p  i 
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Course  No;  3ADR54230-1 
Day:  5  , 


PART  n 
INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT 


Brunch  Approval:  jZULs^Jt^^ 

Date:  ^^L^IEL 


Check  workbook 


t 


) 


REVIEW: 


Review  subject  matter  covered  in  previous 
day  or  individual  problem  areas . 


ATTENTION: 


OVERVIEW: 


MOTIVATION: 


i  ■ 


•  3 


C5 


BODY  (2  Hrs  45  Min) 


PR^/SE^TATIOtf: 

6a.  Given  information  on  muTtimeters, 
complete  statements  on  the  selection,' 
use,  and  care  of  electrical  test 
instruments. 


(1)   Construction  and  theoryof 
operation 


(2)   Purpose  and  types  of  meters 


(3)  Scale  interpretation  and 
1>roper  procedures  for 
meter  use 


(4)  Connections  required  to  safe 
guard  meters 


(5)  Care  and  selection  of  meters 


6b.  Given  information  and  provided  a   *  * 
trainer  with  six  problems,  use  the 
multimeter  to  answer  all  problems. 


(1)   Continuity  readings 


(2)  Connection  for  voltage  rea^gs 


APPLICATION: 

WB  3ABR54230-1-I-6,  Meters 


OEVALUATIO 


Evaluate  by  oral,  written  questions, 
and/or  observation  of  student1  s 
performance  during  lesson.  This 
may  be  accomplished  at  any  time 
during  lesson  for  increased  effectiveness. 


CONCLUSION  (10  Minutes) 
SUMMARY;  *   '  ' 
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•7b. 


dven  Ohm's  law  formula^md  two  'known  values,  solve  for  the  unknown. 
(1>     Theory  of  Ohm's  law 

Principles  of  Ohm's  law 
(3)'    Three  factors  required  to  calculate  a  problem  using  Ohm's  law  * 
^ShS"  8"'68  Circuit,  use  the  conductor 'trai-er  to  .  - 


construct  a  series  circuit. 

'(1)     Definition  of  a  series  circuit 
(&)    'Application  of  a  series  circuit 


0 

ERLC 


LESSON  PLAN  (Port/JrS.B.f0J)  CONTINUATION  SHEET 


CRITERION  OBJECTIVES  AND  TEACHING  STEPS  (Cn.mu.d) 


(3)  Characteristics  of  a  series  circuit 

(4)  Properties  of  a  series  circuit 

7c.     Using  the  previously  constructed  series  circuit,  measure  and  record  the 
voltage  and  current  exactly  as  indicated  oh  the  meters,  then  apply  Ohm's  law  and 
the  power  formula  to  calculate  resistance  and"  power.  . 

(1)  Measurement  of  voltage  and  current  f~ 

(2)  Calculate  for  resistance 

(3)  Using  the  power  formula,  calculate  power 

7d.    Given  series  circuit  problems,  use  Ohm's  law  to  solve  for  unknown  values. 

(1)  Types  of  series  circuit  problems     *  , 

(2)  Solving  for  unknown  values  in  .series  circuits 
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Course  No:  3ABR54230-1 
Days:  5,  6 


PART  n  _ 
INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 


REVIEW: 


ATTENTION: 


OVERVIEW; 


MOTIVATION: 


? 


BODY  (8  Hours  45  Minutes-) 

PRESENTATION: 

7a.  Given  Ohm's  law  formula  and  two. 
known  values,  solve  for  the  unknown. 

(1)   Theory  of  Ohm's  law  " 


(2)   Principles  of  Ohm's  law 


(3)'  Three  factors  required  to 
calculate  a  problem  using 
Ohm's  law 


APPLICATION:  None 


CONCLUSION i(Day  5) 
SUMMARY:  ,         /  ( 


STUDY  ASSIGNMENT: 

SG  3ABR54230-1-I-7,  Ohm's  Law'and  Series  Circuits 

-  V  . 
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INTRODUCTION  (Day  6) 
'CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 

* 

REVIEW:  '  ''•.•* 


OVERVIEW: 


MOTIVATION: 


PRESENTATION: 

,  7b.  Given  instructions  on  .a  series 
circuit,  use  the  conductor 
trainer  to  construct  a  series 
cir.cuit. 

> 

(t)   Definition  of  a  series  circuit 


(2)r  Application  of  a' series  circuit 


(3)  Characteristics  of  a  series 
circuit 


er|c  * 


(4)   Properties  of  a  series 
circuit 


7c.  Using  the  previously  constructed 
series  circuit,  measure  and 
record  voltage  and  current 
exactly  as  indicated  on  the  meters, 
then  apply  Ohm's  laW  and  the 
power  formula  to  calculate 
resistance  and  pbwer.  ' 


(1)   Measurement  of  voltage  and 
current 


(2)  £aljculate  for  "resistance 

< 

(3)  Using  the  power  formula 
calculate  power  * 

1 


7d.  Given  series  circuit  problems, 
use  Ohm's  law  to  solve  for  : 
unknown  values.       *  * 


6 


■  / 


(1)   Types  of  series  circuits 
problems 


(2)  Solving  for  unknown  values 
in  series  circuits 


APPLICATION: 


WB  3ABR54230-1-I-7,  ► 
Ohm's  Law  and  Series  Circuits 
2TPT-3100-02,  Ohm's  Law,  Series  Circuits 
2TPT-3101-01,  DC  Circuits  -  Series  Circuits 


EVALUATION: 

Evaluate  by  oral,  written  questions, 
and/or  observation  of  students 
performance  during  lesson.  This 
may  be  accomplished  at  any  time  during 
lesson  for  increased  effectiveness. 


CONCLUSION  (10  Minutes) 

SUMMARY: 

Cover  main  points  of  lesson. 

•  * 

JREMOTIVATION: 

STUDY  ASSIGNMENT : 

SG  3ABR542  30- 1-1-8,  Parallel  Circuits 
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SG  1-8 
WB  1-8 

2TPT-3101-02, 

DC  Circuits 

Parallel 
Transparencies, * 

Parallel  Circuits 


«^£5ES^.'  Parallel  ClrCUit^  USe  Conductor  trainer  to 


(1) 
'  (2) 
(3) 
(4) 


Definition  of  a  parallel  circuit 
Application  of  a  parallel  circuit 
Characteristics  of  a  parallel  circuit 
Properties  of  a  parallel  circuit 
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(1)  Measurement  of  voltage  and  current 

(2)  Calculate  for  resistence  ' 

»  « 

,  (3)     Using  the  power  formula  calculate  the  power  ' 
Given  parallel  circuit  problems,  use  Ohm's  law  to  solve  for  unknown- values. 

(1)  Types  of  parallel  circuit  problems  . 

(2)  Solving  for  unknown  values  in  parallel  circuits-  ^ 


Course  No:  3ABR54230-1 
Days:  7 


PART  II 
INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 


REVIEW:  .  '*• 

Review  subject  matter  covered  in 
previous  day. or  individual  problem 
areas. 


ATTENTION: 


OVERVIEW; 


'  MOTIVATION: 


er|c: 


r 


92B**"(5  Hrs.  45  Minutes) 

PRESENTATION: 

8a.  Giv»n  instructions  on  a  parallel  '"'« 
circm.  use  the  conductor  trainer' 
to  construct  a  parallel  circuit. 


(1)   Definition  of  a  parallel^ircuit 


(2)   Application  of  a  parallel 
circuit 

'  j 

(3/  Characteristics  of  a    ,  ■ 
.    parallel  circuit 


t\'  (4Y-  Properties  of  a  parallel 
♦   j   •  circuit 


s  * 
8b..  Using  the  previously  constructed 

•parallel  circuity  measure  and 
.    "  record;  the  voltage  or  current  \ 

exactly  as  indicated  on  the  m«ters, 
r    .  then; apply  Ohm's  law  and  the  : 
,    Dowerjormula  to  calculate- 
,  resistance  and  power. 


'  (1)   Measurement  of  voltage 
andxurrent 


(2)   Calculate  for  resistance 


(3)   Using  the.  power  formula 
calculate  the- power  . 
(\  '  • 

i  ,  •    -  • 

8g.  (Sfven  parallel  circuit  problems, 
^  -   use  Ohm's  law  to  solye  for 
unknown  values. 


(1)  ,  Types  of  parallel  circuits 
^  problems' 

I 

(2)  Selving  for  unknown  values 
m  '  in  parallel  circuits 


.APPLICAHON: 
«  .  • 

WB  3ABR5423(M-I-8,  Parallel  Circuits 

2TPT^3101-02,  DC  Circuits  Parallel'  - 

'  »-  .  / 


EVALUATION: 


•Evaluate  by  oraftvritten  question,  and/ 
or  observaUdndMtu^ent's  performance 
{during  lesson.  Wis  may  be  accomplished 
v  at  any  time  during  lesson  for  increased 
effectiveness',      «  •  i  * 

• •*  V 


n 


7J 


CONCLUSION  (10  Minures) 


SUMMARY: 


REMOTIVA  TION: 


STUDY  ASSIGNMENT: 

SG  3ABR54230-1-I-9,  Series  Parallel  Circuits 


■  J 


APPROV  Ai/Ofj/i 

TORTC/ism 


3ADR54230-1 


Buck  k  NdMnt  r 

i 


L  £SSCN  T  ITlE 


LESSON  PLAH(  Port  I,  Gw>o» 


inm  nur tor 


EieetrtWan 


BLOCK  TlTUt 

Electrical  Fundamentals 


Series-Parallel  Circuits  (Day '8) 


Ct  A SS*O0M/LA ROGATORY 

a_  6  Hrs 


LESSON  DURATION 


Complementary 


PAGE  NUMBER 

10 


POI  REFERENCE 


TOTAL 


6  Hrs 


PACE  OATE 

1  May  1975 


PARAGRAPH 


STS/CTS REFERENCE 


542X0,  Changes  1,  2.  3T  4t  and  5 


OATE 


2  Dec  70  (14  Jan  72.  6  Mar  73 


SUPERVISOR  APPROVAL 


18  Apr  73.  25  Feh74r  7*  Nov  ?4) 


OATE 


SIGNATURE 


OAfE 


PRECLASS  preparation 


EQUIPMENT  COCATEO 
IN  LABORATORY 


Trainer,  Conductor 
Projector,  Overhead 


EQUIPMENT  * 
FROM  SUPPLY 


,  None  , 


CLAssineo  material, 


None 


GRAPHIC  AlOS  ANO 
UNCLASSIFIEO  MATERIAL 


CRITERION  OBJECTIVES  ANO  TEACHING  STEPS 
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Transparencies, 
.Series-Parallel 
Circuits  • 


9a  Given  instructions  on  a  series-parallel  circuit,  use  the  conductor  traine] 
construct  a*  series-parallel  circuit. 


(1) 
(2) 
(3) 
(4) 


Def ihitiorr  of  a  series-parallef  circuit 
Application  of  a  series-parallel  circuit  ■> 
Characteristics  of  a  series-parallel  circuit 
Properties1  of  a  series-parallel  circuit' 


9b.    Using  the  previously  constructed"  series-parallel  circuit,. measure  and 
record  the  voltage  and  current  exactly  as  indicated  on  the  meters,  then  apply 
Ohm  s  law  and  the  power  formula  to  calculate  the  resistance  and  power. 
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Measurement  of  voltage  and  current  ' 
Calculate  for  resistance  -  * 

Using  the  power  formula,  calculate  the  power  % 
n  seriefs-paraHel  circuit  problems,  use  Ohm's  law  to  solve  for  unknown 


Types  of  series- parallel  circuit  problems 

Solving  for  unknown  values  in  series  parallel  circuits 
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Course  No:  3ABR54230-1-I' 
Days:  8 


Branch 


PART  n 
INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 


.REVIEW; 

Review  subject  matter  covered  in 
previous  day  or  individual  problem 
areas.  Review  may  be  by  questions, 
oral  or  written,  guided  discussion  or 
as  a  summary. 


ATTENTION: 


OVERVIEW: 


MOTIVATION  f 


-  V 


\ 


•ERiC       1-  /■ 


BODY' (5  Hrs  45  Min) 

-  «  PRESENTATION 

9a.  Given  instructions  on  a  series- 
parallel  circuit,  use  the  conductor 
trainer  to  construct  a  series- 
parallel  circuit. 


(1)  Definition  of  a  series- 
parallel  circuit 


(2)  Application,  of  a  series- 


'  parallel  .circuit 


\3)s  Characteristics  of  a  series- 
parallel  circuit 


(4)   Properties  of  a  series - 
parallel  circuit 


9b.  Using  the  previously  constructed  - 
series  parallel  circuit,  measure 
•  and  record  voltage  and  current 
exactly,  as  indicated  on  the  meters, 
%      then  apply  Ohm's  law  and  the  - 
>     power  formula  to  calculate  the 
resistance  and  power. 


V  I 


si 
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(1)   Measurement  of  voltage  and 
current 


(2)   Calculat  e  for-  resistance 


(3)   Using  the  power  fdrmtfla 
calculate,  the  power 

s 

9c.  Given  series  parallel  problems, 
use  Ohm's  law  to  solve  for 
unknown  valued  ' 


(1)  Types  of  series  parallel' 
circuit  problems  % 

(2)  >  Solving  for  unknown  values 

in  series  parallel  circuits 


1  APPLICATION: 

WB  3ABR54230-1-I-8,  Series- 
Parallel  Circuits 


,   EVALUATION:       '       -/  .  '* 

Evaluate  by  oral,  written  questions* 
and/or  observation  of  student's 
performance  during  lesson.   Xhis  may 
be  accomplished  at  any  time  during 
lesson  for  increased  effectiveness. 
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CONCLUSION  (10  Minutes^ 
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CRITERION  OBJECTIVES  AND  TEACHING  STEJ*5 
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Transformers, 
Transparencies, 
Transformers, 
Rectifiers,  Power 


netic  Amplifiers 
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10a.  Using  a  schematic  and  nomenclature  pertaining  to  transformers,  label  the 
three  main  parts.  -  '     1  .j  ,x 

(1)  Construction  features  of  transformers 

(2)  Theory  of  .transformer  operation   -  . 

(3)  Use  of  transformers       „      ft  c 


10b.  Given  an  incomplete  .schematic  and  required  information,  draw  the  secondary 
Windings  of  a  transformer,  including^coutput  voltage,  valve.  '  ' 


Arc 


(1)     ^Jxplanation  of  primary  winding^ 
,    (2)     Explanation 'of  secondary  winding^ 

 r  ■  .  ,  &  


-  '  \ 


-I 
>  v 


AUO  11 


770 


9 

ERIC 


HISSOH  PLAN  (Pott  I,  Gm«oI)  CONTINUATION  SHEET 


CRITERION  OBJECTIVES  AWO  TEACHING  STEM  (CUntlnu.d) 


V-3)     Voltage  and  turns  relationship 


10c.  Given  a  drawing-  of  a  transformer  showing  the  number  of  primary  and 
secordary  Turns  and  the  applied  voltage  and  current,  use  the  turns  ratio  formula 
to  determine  the  secondary  voltage  and  current. 

i. 

(1)  Turns  ratio  f<^r  voltage  ' 

(2)  Tarns  ratio  for^tuyns  * 

(3)  Turns  ratio  for  amperage  * 

lOd.^iven  a  list  of  statements,  a  schematic  and  required  information,  complete 
statements  pertinent  to  use  of  transformers  in  electronic  circuits, 

(1)  Transformer  symbol  and  meaning  ' 

(2)  Types  of  transformers  used  in"  electronic  circuits 
*  * 

•lOe.  Given  a  schematic  and  nomenclature  pertaining  to  rectifiers,  label  the  main 
Parts-  J  ^ 


(1)  ^Theory  of  operation 

(2)  Types -of  rectifiers  .  * 

(3)  .  .Uses  in  electronic  circuits 


\ 


lOf.  |Xsmg,the  schematic  of  a  rectifier  circuit,  trace  one  alternation  of  current 

through  the  circuit  by  using  arrows  to  indicate  direction  of-  current  flow. 

t  • 


(1)  Ifalf  wave  pulsating  DC 

(2)  .Full  wave  pupating  DC 

(3)  Filtering 


lOg.  Given  a1  list  of  incomplete  statements  and  required  information,  complete 
statements  perta/ning  to  Batteries. 


(1)  Battery  banks 

-■':\ 

(2)  Battery  chargers 


4 


lOh.  Given  a  list  of  questions  pertaining-tp  electribal  and  electronic  power, 
suppiies  and  required  information,  answer  questions  on~use  of  power  supplies. 

—  •  .    \*    ' .      o'A  .  . 


\  '  ~~>  — ■  ; — 

^ESS0N  pL»<        I,  G«»wd)  CONTINUATION  SHEET 


CRITERION  QBjeCTIVES  ANO  T  CACHING  STEPS  (C» 


(1)  Types  of*power  supplies 

(2)  Uses  of  power  supplies 

(3)  '  Theory  of  transistors 

(4)  Use  of  transistors 

»  * 

(5)  Testing  transistors  t 
10i§  Given  a  drawing -of  a  magnetic  amplifier,  label  the  three  main  parts. 

(1)  Magnetic  .amplifier  circuits  < 

(2)  Use  of  magnetic  amplifiers 

11.  Related  Training 

12.  Measurement  Test  and  Test  Critique 
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Course  No:  3ARR54230-1 
D.ayiV  9,  10 


*  ■ •  PART  n 

INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 


Branch  Approval •MLl^uI^ ' 

Dale:3y^Ty_^~ 


REVIEW: 

Review  subject  matter  covered  in 
previous  day  of  individual  problem 
areas  t>r  written,  guided  discussion 
or  as  a  summary. 


ATTENTION: 


V 


OVERVIEW: 


MOTIVATION: 


,  ERIC 


00  v 


BODY  (9  Hours  45  Minutes) 
PRESENTATION:  • 

10a.  Using  a  schematic  and  nomenclature 
pertaining  to  transformers,  label 
the  three  main  parts. 


0 

(1)  Construction  features  of 
transformers  « 


(2)  Theory  of  "transformer. 
»    „  operation 


(3)  Use  of  transformers' 


10b.  Given  an  incomplete  schematic 
*  and  required  information,  draw 
the  secondary  .windings  of\  a 
-    transformer  indicating  the  out 
put  voltage  valve. 

I  V  ■  v 

> 

(1)   Explanation  of  primary  windings 


/     (2)   Explanation  of  secondary 
windings  -  •  ^  . 


(3)  Voltage  and  turns  Relationship 


■  -  \  ■    <■   *  ■ : 

10c.  Given  a  .drawing  of 'a  transformer 
*  showing  the  ni/mber  of  primary 
and  secondary  turns  and  the 
applied  voltage  and  current,  use 
the  turns,  ratio,  formula  to  * 
determine  the?  secondary  voltage 


•  r 


and  current.  •  •  -  * 


.  (1)   Turns  ratio  for  voltage 


9  v 


I 

(3)   Turns  ratio  for  amperage- 


10d.   Given  a  list  of  statements,  a 
<        schematic,  and  required  information 
.      complete  statements   pertinent  to 

use  of  transformers  in  electronic 

circuits. 


(2)   Turns  ratio  for  turns'  •  '  * 


m 


(1)    Transformer  symbols  and 
meaning 


(2)    types  of  transformers  used 
in  electronic  circuits 


_J  r   no 


lOe.  Given  a  schematic  and  nomenclature" 
••  pertaining  to  rectifiersOatiel  the 
main  parts."    .  , 

t-    ;  v,  . 

V  '  (1)  Theory  of  operation  ' 

,  (2)  o Types-  of  rectifiers'  n 

f     V   <  -  ' 


...  s 


\(3)    Uses  in"  an  electroniocircuit 


■f 


APPLICATION: 

Vjte  3ASR54230-1-I-10,,  Section  I  andE 
»  Transformers,  Rectifiers 
2TPT  3103-15,  Transformers 


CONCLUSION  (Day  9) 


SUMMARY: 

f 


STUDY  ASSIGNMENT:  ' 

SG  3ABR54230-1-M0,  Section  HI, 
Power  Supplies  • 


INTRODUCTION  (Day  10) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT 


REVIEW: 

Review  subject  matter  covered  in 
previous  day  or  individual  problem 
areas.  .Review  may  be'by'questions 
or  written,  guided  discussion  or  as 
a  summary. 


7/: 


ATTENTION: 

/ 


OVERVIEW: 


MOTIVATION: 


* 


PRESENTATION: 


lOf. 


Using  the  schematic  of  a  rectifier 
circuit,  trace  one  alternation  of 
current  through  the  circuit  by 
using  arrows  to' indicate  direction 
of  current  flow. 


O  • 


( 


.(1)   Half  wave  pulsating  DC 

(2)  Full  wave  pulsating  DC 

(3)  Filtering 


!   lOg.   Given  a  list  of  incomplete 
statements  and  required 
.  information,  complete 

statements  pertaining  to 
batteries. 
•  / 


(1)  Battery- banks 


(2)   Battery  charters* 


lOh.   Given  a  list  of  questions  pertaining 
to  electrical  and  electronic  power 
supplies  and  required  information, 
answer  questions  on  use«of  power 
supplies. 


(1)   Types  of  power  supplies 


7-i 


(2)  Uses  of  power  supplies 

(3)  Theory  of  transistors 


(4)  ,  Use  of  transistors 


(5)-  Testing  transistors, 


lOi.  »-Oiven  a  drawing  of  a  magnetic 
amplifier,  label  the  three  main 
parts . 


(1)  Magnetic. amplifier  circuits 

*  < 

(2)  .  -  Use  of  magnetic  amplifiers 
APPLICATION: 

WB  3ABR5428O-1-I-10,  Section  m,  Power  Supplies 

EVALUATION:  *  .  . 

Evaluate  by  oral,  written  questions  and/ 
or  observation  of  students  performance 
during  lesson!   This  may  be  accomplished 
at  any  time  during  lesson' for  increased 
effectiveness.    *  .  »  * 


10'  rn.. 


7/ 


CONCLUSION  (10  Minutes) 


SUMMARY: 


MOTIVATION: 


STUDY  ASSIGNMENT: 


SG  .*! 


ano  Blueprint  Reading 


0-1-n-l,  National  Electrical  Code,  Electrical  Terminology 
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:RirERION  OBJECTIVES  AND  T E ACHING  ST 


la.     Given  a  National  Electrical  Code  (NEC),  list  its  purpose  and  scope. 
(1)      Introduction  to  the  NEC 


(a) 

Sponsor 

(b) 

•  Publisher 

(c) 

Purpose 

(d) 

Scope 

(e) 

Code  arrangement 

(2)     Uses  of  the  Code 
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  LESSON  PLAN  (Port  I,  G.n.rol)  CONTINUATION  SHEET* 

 CRITERION  OBJECTIVES  AND  T  gACHINO  ST  CPS  (Coming) 

(a)  Table  of  contents- 

(b)  Index 

lb.     Given  a  National  Electrical  Code  and  a  list  of  electrical  terms,  write  the 
definition  of  each  term. 

(1)  Table  of  contents 

(2)  Article  100 

lc.     C'iven  a  National  Electrical  Code  and  selected  electrical  problems,  list  the 
correct  answer  to  each  problem. 

(1)  .    Table  of  contents 

(2)  Index 

(3)  Articles  . 

(4)  '  Paragraphs 

Id.  Given  a  blueprint,  NEC,  and  selected  electrical  installation  problems, 
identify  locations  and  list  the  wiring  requirements  for  electrical  component 
installation  to  meet  National  Electrical  Code  and  blueprint  specifications. 

(1)  Purpose  of  blueprints 

(2)  Use  of  symbols 
*     \   (?)     Reading  a  blueprint 

i 

V 
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Course  No:  3ABR54230-1  Branch  Approval:  ^JL^MmL 

PART  II 

INTRODUCTION  (b  Minutes)  ■  ' 

CHECK  PREVIOUS  DAy'S  STUDY  ASSWMENT: 
REVIEW:  ' 


ATTENTION: 


OVERVIEW; 


MOTIVATION:  '     "  M 


\ 


i 


BODY  (5  Hours  45  Minutes) 

PRESENTATION: 

la.  Given  a  National  Electrical  Code 
(NEC),  list  its  purpose  and  scope. 

; 

(1)   Introduction  to  the  NEC 


(a)  Sponsor 


(b)  Publisher 


(c)  Purpose 


-(d)  Scope 


(e)   Code  arrangement 


7$ 


(2)   Uses  of  the  Code 


(a)   Table  01  contents 


v  (b)  Index 


lb..  Given  a  National  Electrical  Code 
and  a  list  of  electrical  terms, 
write  the  definitions  of  each  term. 


■  (1)   Table  of  contents 
(2)   Article  100 


lc.  Given  a  National  Electrical  Code 
and  selected  electrical  prooiems-, 
list  the  correct  answer  to  each 
problem. 


(1)   Tabic  of  contents 

4 


(2)  Index 


"(3)  Articles 


.  (4)  Paragraphs 

IS 


Id.  Given  a  blueprint,  NEC  and 
selected  electrical  installation 
problems,  identify  .  *  „  * 
locations  and  list  the  wiring  • 
requirements  for  electrical 
component  installation  to  • 
S  meet  National  Electrical  Code 
blueprint  specifications. 


(1)   Purpose  of  blueprints 


(2)    Use  of  symbols 


(3)   Reading  'a  blueprint 


ERIC 


APPLICATION: 


WB3ABR54230-1-H-1,  National 
Electrical  Code,  Electrical 
Terminology  and  Blueprint  Reading 


Evaluate  by  oral,  written  questions  and/ 
or  observation  of  student's  performance 
during  lesson.   This  may  be  accomplished 
at  any  time  during  lesson  for  increased 
effectiveness. 


STUDY  ASSIGNMENT: 

SG  3ABR54230-i-n-2,  Conductors  and 
Overcurrent  Protective  Devices  ' 


EVALUATION: 


CONCLUSION  (10  Mdn) 


SUMMARY: 


REMOTIVATION: 
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£R!T E RION  OBJECTIVES  AND  TEACHING  STEPS 

2a.     Given  the  National  Electrical  Code  and  a  list  of  conductor 
types,  list  the  amount  of  current  each  conductor  will  carry. 

sizes  ^nd  insulation 

(1)     Article  310  / 

« 

(2)     Types'of  conductors 

(3)      Conductor  size 

(4)  .  Conductor  insulation 

(5)     Location  of  conductors  ' 

•C  ceo  mi  77».)«/n 
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LESSON  PLAN  (Port  I,  G#n#rcJ)  CONTINUATION  SHEET 


CRITERION  OBJECTIVES  ANO  TEACHING  STEPS  (Continued) 


2b.  *  Given  the  National  Electrical  Code  and  a  lis.t  of  circuits,,  list  the  proper  size 
conductor  to  use  in-accdrdance  with  the  National  Electrical  Code-  ' 

.  (1)  Conductors  in  cable  or  raceway 

(2)  Conductors  in  free-air 

(3^  Types  of  conductors 

(4)  -  Reducing  load  current  in  conductors'  " 

2c.     Given  the  National  Electrical  Code  and  a  list  of  overcurrent  devices,  select 
facts  pertaining  to  the  different  types  of  overcurrent  devices\in  accordance  with 
the  National  Electrical  Code.  '  y 


%     (1)  Purpose 

(2)    4  Types. and  sizes 


2d.  ^  Given  a  list  of  overcurrent  devices  and  the  National  Electrical  Code,  select 
the  correct  overcurrent  device  to  meet  the  NEC  requirements. 

(1)     Uses    *  • 

'  (2)     NEC -requirements 

2e.     Observe  the  steps  for  testing  a  molded  case  circuit  breaker,  with  an 
MS  1(A)  tester  in  accordance  with  the  manufacturer's  specifications. 

(1)  Purpose  of  testing  circuit  breakers 

(2)  Operation  of  MS  1(A)  tester  ; 

(3)  Procedure  for  testing  circuit  breakers 


/ 1  •  • 
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Course  Ho:  3ABR54230-1 
Day:  12 


Branch  Approval 
Date 


PART  II 
INTRODUCTION  (5  Minutes) 
CH£(  |v  i  1,'KVIOUS  DAY'S  STUDY  ASSIGNMENT: 
REVIEW: 


ATTENTION: 


OVERVIEW: 


MOTIVATION: 


3 


ERJC 


BODY  (5  Hours  45 'Minuter) 

PRESENTATION: 

2a.  Given  the  National  Electrical  Code 
and  a  list  of  conductor  sizes  and  - 
insulation  type,  list  the  amount  of 
current  each  cgnductor  will  carry. 


(1)  Article  310 

(2)  Types  of  conductors 


(3)   Conductor  size 


(4)   Conductor  insulation 


(5)    Location  of  conductors 


4 


\ 


t 


r 


2b.  Given  the  National  Electrical  -  ■  • 

Code  and  a  list  of  circuits,  list 
the  proper  size  conductor  to  use, 
in  accordance~.with  the  National 
Electrical-Code.  „ 

/  J1'*" 


4 


(1)  Conductors  in  cable  or 
raceway 

(2)  Conductors  in  free  air 

/ 

(3)  Types  of  conductors 


(4)  ^Reducing  load  current  in 
conductors 


Given  the  National  Electrical  Code 
and  a  list  of  overcurrent  devices, 
select  facts  pertaining  to  the 
different  types  of  overcurrent 
devices  in  accordance  with  the 
National  Electrical  Code. 


(1)  .  Purpose 


(2)-  Types  and  sizes 


ERIC 


2d.  Given  a  list  of  overcurrent  devices 
and  the  National  Electrical  Code, 
select  the  correct  overcurrent 
device  to  meet  the  NEC  requirements. 


U)  Uses 


(2)  NEC  requirements 


2e.  Observe  the  steps  for  testing  a 
molded  case  cirucit  breaker, 
with  an  MSI  (A)  tester  in  accordance 
with  the  manufacture's  specifications. 


(1)   Purpose  of  testing  circuit 
breakers 


(2)  Operation  of  MSI  (A)  tester 


fa)   Procedure  for  testing  circuit 
#  breakers 


l 


f 

or  . 


APPLICATION: 


WB  3ABR54230-L-n-2,  Conductors  and 
Overcurrent  Protective  Devices 


EVALUATION: 

Evaluate  by  oral  written  "questions  and/ 
or  observation  of  student's  performance 
during  lesson.   This  may  be  accomplished 
at  any  time  during  lesson  for  increased 
effectiveness. 
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3?,,  Given  information  and  a  set  of 
handtools,  identify  the  use  and 
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(1)  Identification  of  electricians 
handtools 

(2)  Correct  use  of  each  tool 

(3)  Maintenance  of  each  tool 
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Course.  No:  3ABR54230-?  ,  Bra£%%provaJ: 
Days  13  and  14  * 
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'  INTRODUCTION^ 
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4a.  Provided  a  booth  area,  handtools, 
and  a  working  drawing,  install  a 
single-phase,  120/230  volt  service 
entrance  and  grounded  panelboard 
according  to  NEC  specifications. 


(1)  Services 


(a)  Drops 


$)  Entrance 


(c)  Equipment 
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(d)  *  NEC  requirements  - 
(Articles,  200,  230,  and 
250) 


(2)   Panelboard  requirement^ 


(a)  Purpose 


,(b)  Types" 


(c)  Location 


(d)   Protective  devices. 
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(e)  NEC  requirements 
(Articles  240,  250, 
and  384) 
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Multimeter 
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'  D  1  T  C  Dl  rtkJ  AO  !C/*Tmri>  » 

Njone 

SG  n-7 

WB  II-7 

TF  6078,  Trouble- 
shooting Electrical 
Circuit*      *  «• 

Transparencies, 
Troubleshooting 

7a.    Pro  ided  a  multimeter  and  instructions,  troubleshoot  an  energized  (120/340 
volt)  electrical  circuit  to  locate  troubles  inserted  in  the  circuit.by  the  instructor. 

'(1)     Types  of  circuit  troubles        '  -. 

(a)  Opens 


"(b)     Shorts  . 
(c)  Grounds 

(2)  Troubleshooting  methods  and  procedures 

(3)  Use  of  test  equipment 
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7b.  Provided  a  multimeter  and  instructions,  troubleshoot  a  deenergized  circuit  to 
locate  troubles  inserted  in  the  circuit  by  the  instructor. 

(1)     Types  ofdrcuit  troubles 


(a) 

Opens 

(b) 

Shorts  ' 

(c) 

Grounds 

(2) 
(3) 


Troubleshooting  methods  and  procedures 
Use  of  test  equipment 


7c.    Gwen  information  pertaining  to  balancing, branch  circuits,  balance  the 
circuits  installed. 

(1)  Purpose 

(2)  Method 

(3)  Test  equipment 

7d.  Using  tools  and  instructions  provided,  disconnect  electrical  circuits  sort 
material  and  store  in  designated  storage  facilities. 


Course  No:  3ABR54230-1  Branch  Approval-  -*Jj    ^Sirf  / 

Days  19  &  20  D^j^gg^^^ 

PART  n 

INTRODUCTION  (5  Minutes)  ; 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 

REVIEW: 


ATTENTION: 


OVERVIEW: 


MOTIVATION: 


BODY  (9  Hours  45  Minutes) 


-  PRESENTATION: 


7a.  Provided  a  multimeter  and 
instructions,  troubleshoot  an 
energized,  120/240  volt 
electrical  circuit  to  locate  troubles    '  . 
,    inserted  in  the  circuit  by  the 
instructor. 


(1)   Types  of  circuit  troubles 


(a)  Opens 


0 


(b) 


Shorts 


Grounds 


.(2) 


Troubleshooting  methods  and 
procedures 


(3) 


Use  of  test  equipment 


\ 


4 


7b.  Provided  a  multimeter  and  instructions, 
troubleshoot  a  deenergized  circuit 
to  locate  troubles  inserted  in  the  circuit" 
by  the  instructor. 

*  * 

(1)   Types,  of  circuit  troubles 


(a)  Opens 


(b)  Shorts 


(c)  Grounds 


(2)   Troubleshooting  methods  and 
procedures 


(3)   Use- of  test  equipment 


f  -3 


APPLICATION: 

WBL3ABR54230-1-II-7,  Troubleshooting 
N  on  metallic  Sheathed  Cable 


1  o- 

J-  »v  i 


..CONCLUSION  pay  19)  % 

SUMMARY:         .  . 
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STUDY  ASSIGNMENT: 

SG  3ABR54230-1-H-7,  Troubleshooting 
Nor.metallic  Sheathed  Cable 


INTRODUCTION  (Day  20) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 


REVIEW: 


OVERVIEW: 


MOTIVATION: 


1  r> 


\ 


1 

5 


PRESENTATION: 


7c.  Given  information  pertaining  to 
balancing  branch  circuits,  balance 
the  circuits  installed,  * 


(1)  Purpose 


(2)  Method 


(3)    Test  equipment 


7d.  *U§ing  tools  and  instructions 
provided,  disconnect  electrical 
circuits,  .sort  material  and 
store  in  designated  storage 
facilities . 


APPLICATION: 


\VB  3ABR54230-1-H-7,  Troubleshooting 
Nonmetallic  Sheathed  Cable 


EVALUATION: 

Evaluate  by  oral,  written  questions  and/ 
or  observations  of  students  performance 
during  lesson.  This  may  be  accomplished 
at  any  time  during  lesson  for  increased 
effectiveness. 


REMOTIVATION : 


STUDY  ASSIGNMENT: 

SG  AFS,  .54,  55,  56,  Publications 
SG  3ABR54230-1-HI-1,  Publications 


SUMMARY: 


CONCLUSION  (10  Minutes) 
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Course  No:  .3ABR54230-1 
Days:  14,15,16,  and  17 

PART  II 

'   .  INTRODUCTION  (5  Min) 

CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT 


Branch  Approval 
Date 


REVIEW: 


ATTENTION: 


OVER  VIEW": 


MOTIVATION : 
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BODY  (20  Hours  45  Min) 

Presentation: 


5a.    Given  information  pertaining  to  . 
the  construction  characteristics, 
types,  and  uses  of  non-metallic 
cable,  list  the  correct^aver  to 
each  problem  by  researching  the 
information  in  the  NEC. 


(1)   Construction  characteristics 


(2)    Types  of  cable 


(3)   Use  for  which  cabla  is  approved 


(4)    NEC  installation  requirements 

APPLICATION:    WB  3ABR54230-1-II-5,  Nonmetallic 
Sheated  Cable,  Project  L 


CONCLUSION  (Day  14) 

SUMM/lRY: 


2  \ 


ho 


STUDY  ASSIGNMENT:     SG  3A3R34230-I-II-5 
'  .  Nonmetallic  Sheathed 

Cable-' 

f 

INTRODUCTION   (Da?  15) 

hr . 

CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT 
REVIEW : 


OVERVIEW: 


MOTIVATION: 


.  I/O 


PRESENTATION: 

5b#     Given  the  necessary  tools,  equipment 
and  instructions,,  make  and  solder 
'  splices  according  to  NEC  specifications 


ERLC 


(1)     Types  of  splices 


(2)  SplicingN^ro^fec3ure 


( 3 )     Soldering  procedure 


(4)  Taping 


APPLICATION:  WB  3ABR54230-1-II-5 ,  Nonmetall 
Sheathed  Cable,   Project  2 


5c.     Provided  a  work  area  and  handtools, 
install  a  circuit  in  nonmetallic 
cable  containing  a  ceiling^ight ,  a 
single-pole  switch  and*  a  duplex 
receptacle,   according  to  NEC 
specifications . 


(1)^  Circuitry 


APPLICATION:     WB3ABR54230-1-II-5  Nonmetalli 
Sheathed  Cable  project  3 


Conclusion     (Day  15) 


i 


S.uDY  ASSIGNMENT:    SG  3ABR54230-1-II-5 

Nonraetallic  Sheathed  Cable 

DEDUCTION  (  D*y  16) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT  * 


REVIEW: 


OVERVIEW: 


V 


„   MOTIVATION : 

PRESENTATION: 
5c.  Continued 


(2)    NEC  Requirement 


5 

4 


JO- 


5d,    Provided  a  work  area  and  handtoola, 
install  a  circuit  in  non-metallic 
c^ble  containing  a  220  volt  receptacle 
.     iccording  to  NEC  specifications* 


(1)  Circuitry 


(2)    NEC  requirement 

X 

APPLIC/TIW^WB  3ABR54230-1-II-5,  Nonetallic 
Sheathed  Cable,  Project  4 

/  . 

v  CONCLUSION  (  Day  16) 


SUMMARY:  , 


STUDY  ASSIGNMENT:  SG  3ABR54230-1-JI-5, 

Nonmet&llic  Sheathed  Cable 


*  INTRODUCTION  (Day  17) 

CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT  ' 

REVIEW: 


MOTIVATION; 


*  PRESENTATION:' 


5e. 


Provided  a  work  area  and  handtoola, 
install  a  circuit  in  non-metallic 
cable,  containing  two  three-way 
switches  to  control  a  ceiling  light 
according  to  NEC  specifications. 


(1)  Circuitry 


(2)   NEC  requirements 


5f .    Using  the  previously  installed  three 
way  switches,  install  a  four-way  switch 
according  to  NEC  specifications. 


\  . 

(1)  Circuitry 


(2)    NEC  requirement  • 
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APPLICATION:    WB  3ABR54230-Nonmetallic 

Sheathed  Cable.    Project  5,6 


EVALUATION:    Evaluate  by  oral,  written  questions 
and/or  observation  of  students 'a 
performance  during  lesson  for 
increased  effectiveness. 


CONCLUSION  (10  Min) 

SUMMARY: 


REMOTTVATION: 
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STUDY  ASSIGNMENT:     SG  3ABR54230-1-H-6 ,  Lighting  SystemW 
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Lighting  Systems  (Day  18) 
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National  Electrical 

Code 
Transparencies, 
Incandescent  and 
Fluorescent  Lighting 


^^ii!eLinf0rmiti0n  p€rtainin«  t0  incandescent  lighting  and 
correctly  solve  each  problem.  ^ 

(1)  Design 

V 

4 

(2)  Classification 

(3)  Advantages 

6b.  Given  information  pertaining  to  fluorescent  lighting  and 
correctly  solve  each  problem.  •        ugnung  ana 


a  list  of  problems, 


(1)  Design 

(2)  Classification 


3 


r 


list  of  problems, 
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(3)     Advantages  . 

6c.     Provided  a  work  area  and  hand.tools,  install  a  circuit  in  nonmetallic  cable, 
containing  a  fluorescent  light  and  a  single-pole  switch  according  to  NEC  specifica- 
tions. • '  - 

(1)  Circuitry 

(2)  Mounting  methods  ,  s 

*  i  i 

^       (3)     NEC  requirements  "  *^ 


/  ■ 


1  ,.: 
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*  Course  No:  3ABR54230-1  '  Branch  Approval:  ~*JJ^£  cS-fr/   J  ^ 

part  n     .  . 


INTRODUCTION  (5  Minutes) 
CHECK  PREVIOUS  DAY'S  STUDY  ASSIGNMENT: 

REVIEW:  * 


i 

ATTENTION: 


OVERVIEW: 


MOTIVATION: 


BODY  (5  Hours  ^5  Minutes) 


PRESENTATION: 


6a.  Given  information  pertaining  to 
incandescent  lighting  and  a  list 
of  problems,  correctly  solve  each 
problem.  1  , 


'1)  Design 


(2)  Classification 


(3)  Advantages 


6b.  Given  information  pertaining  to 
fluorescent  lighting  and  a  list  of 
problems  correctly  solve  each 
problem. 


(1)  Design 


(2)  Classification 

(3)  Advantages 


ERLC 


6c i     Provided  a  work  area  and  handtools, 
'install  a  circuit  in  nonmetallic 
cable,  containing  a  flourescent 
light  and  a  single-pole  switch 
according  to  NEC  specifications. 


(1)  Circuitry 


(2)   Mounting  methods* 


(3),  NEC  requirement 


APPLICATION: 

WB  3ABR54230-1-II-6,  Lighting  Systems 
EVALUATION: 

Evaluate  by  oral,  written  questions 
and/or  observation  of  student's 
performance  during  lesson^  This 
may  be  accomplished  an  any  time 
during  lesson  for  increased  effectiveness* 


CONCLUSION  (10  Minutes) 


SUMMARY: 


REYOTTVATION: 


STUDY  ASSIGNMENT:  . 

SG  3ABR54230-1-II-7,  Troubleshooting 
Noi  metallic  Sheathed  Cable 
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ORIENTATION 


OBJECTIVE 


This  study  guide,  along  with  ATS-5401  Slide  Presentation  in  the  Learning  Resource 
Center,  will  acquaint  you  with  the  course  organization,  objectives,  instruction, and 
^measurement  programs. 

INTRODUCTION 

This  entire  orientation  study  ,gmde  is  an  introduction.   In  it  we  will  attempt  to 
introduce  you  to  the  contents,  policies,  and  objectives  of  the  course  for  which  you  have 
been  selected.   In  our  initial  introduction,  we  will  attempt  to  cover  the  daily  schedules, 
the  instruction  and  measurement  policies ihe  type  of  training  materials  used,and  other 
items  of  particular  interest  to  you  as  an  entering  student.   Above  all,  we  want  you  to 
feel  welcome  in'  our  cours^  and  we  will  do  everything  we  can  to  make  your  stay  at 
Sheppard  worthwhile  and  pleasant  for  you.  The  more  you  put  into  the  course,  the  more 
you  will  get  out  of  it. r 

Materials  presented  in  the  fcrilowln 
as  follows; 


%  pages  will  be  under  the  major  topic  headings 


X 


COURSE  ORGANIZATION  A^D  MEASUREMENT 

HIGH  PERFORMANCE  STANDARDS  AND  HONOR  GRADUATE  PROGRAM 


INSTRUCTIONAL  METHODS  AND  TRAINING  LITERATURE  USED  IN  THE 
COURSE 

STUDY  SKILLS  AND  STUDENT  NOTEBOOK 

COURSE  OPERATING  POLICIES  AND  ALERT  PROCEDURES  , 
SAFEGUARDING  CLASSIFIED  INFORMATION 
ACCIDENT  PREVENTION  AND  SAFETY 
STUDENT  CRITIQUE  PROGRAM 
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COURSE  ORGANIZATION  AND  MEASUREMENT 


J 


Arrangement  of  Materials  » 


™„         £?UrSe     WhiCh  y°U  tava  been  assi^ed  is  organized  in  a  manner  to  present 
,J  Sftr.ucf  tl0f  lnJ  P^fessive  sequence.  That  is,  fundamentals  and  principles  are 
Z  Jh  tl  Z     f  h     are  followed  by  your  practical  performance  to  insure  that  you  acquire 
both  the  knowledges  and  skills  necessary  to  perform  as  an  apprentice  electrician. 
Your  training  begins  with  this  study  guide  and  will  continue  through  the  subjects  of 
communications  security,  electrical  fundamentals,  electrical  circuits,  electrical  cir- 
cuit installation,  and  the  installation  and  maintenanc^pf  certahvelectrical  equipment.  . 

The  established  sequence  of  instruction  has  proven  to  be  very  effective  over  a  lone  ' 
period  of  course  conduct^Many  students  have  completed  the  course  successfully  in  its 
present  form.  You  can  also  successfully  complete  it. .  It  will  require  much  effort  on  , 
your  part,  but  then  anything  worthwhile  requires  effort.  ¥ 

Organizational  Structure 

he  .JSwf2LJr?iiK0ap  °f  t*0*1*  t0  ^together  effectively,  an  organization  must  ' 
be  established.  yThis  course  is  no  exception,  and  here  the  operation  must  be  effective 
to  accomplish  our  mission  of  technical  training. 

Our  organization  is  simple.  All  of  our  courses  are  assigned  to  training  branches  ' 
SlCla"  m5rn  aJ*rt  of  ou,r  department,  Department  of, Civil  Engineering  Training. 
Our  department  is  only  one  of  the  training  departments  which  make  up  the  USAF  School 


Department  Chief 
Dept  of  Civil  Engineering  ( 


Branch  Chief 
Electrical  Brandh 


Course  Supervisor 
Electrician  Cr^ 


c 
c 

r 


Instructor 


Student 


the  preceding  diagram  shows  a  simple  straight  line  chain  from  you  to  the  deoart- 

SmU  a        u  d6ff rtment  Chi6f)  0f  COUrse'  is  resp6nsible  to  the  technical  school 
commander,  who  in  turn  is  responsible  to  the  training  center  commander.  What  it  ' 
actually  means  to  you  is  that  while  you  are  in  school,  the  instructor  is  your  immediate 
supervisor  who  will  help  you  in  any  way  possible  and  will  arrange  for  you  to  mZ .one 
of  the  supervisors  or  chiefs4f  the  need  should  arise.  ' 
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Course  Objectives 

to  o/JCT^  8ggS?  ll  defmed       "The  »Pe»&cation  of  the  behavior  whlch  leads 
10  or  satisties  a  job  performance  requirement  or  standard. "  SimDlv  sta^H  f«r  Mfli, 
element  of  training  whlch  you  most  successfully  accomphsh  ln  21  course  'there I U 
be  a  criterion  objective.   You  must  accomplish  all  of  these  criterion  objectives  The 

2    1  y°,U  Proeress  trough  the  course.   He  must  document  all  criterion 

eh?v"ha,8  satisfactorily  attained  prior  to  administering  a  measurement  test 

at  the  estabhshecttest  point.  You  cannot  be  administered  a  measurement  teTt  for  ad 
vancement  to  the  next  block  or  unit  of  instruction  until  you  have  accompUshed  aU  the 
criterion  objectives  for  the  unit  in  which  you  are  assigned.   Actional  intocJton^ill 
be  provided  if  you  need  it;  hard  work  and  study  on  your  part  are  yerrimpomnt 

Measurement  and  Grading  Practices 

5,(,nFr0(m  'he  above  short  discussion  of  course  learning  objectives,  it  is  an  easy  tran- 
sition uto  the  course  measurement  and  grading  practices.   Briefly  sta ted *  the  two 
ypes  of  measurement  you  will  be  subjected  to  are  the  Criterion  Progress  Check  and 
he  Measurement  Test.  Since  you  must  complete  all  criterion  objectives  for  a  in*  of 
instruction  prior  to  being  administered  the  measurement" test,  the  instructor  wiU  per- 
form a  continuing  assessment  of  your  progress  in  accomplishing  the  cnterion  objective!! 
He  will  observe  your  performance  activities,  insure  that  you  complete  all  workbooks 
and  may  give  you  short  written  qulZzes  to  satisfy  himself  that  yo7have  a^rartahrt 
each  criterion  objective.   Upon  his  satisfaction  with  the  results  of  these  "Son  , oro- 
areas  checks  he  will  certify  on  the  criterion  checklist  that  you  h^ve  acco^UsheS  the 
criterion  objective  in  question.   When  you  have  completed  alUrtterion  oSe  tives  £  a 
given  unit  or  block  of  instruction  he  will  certify  ttet  you  are  ready  ^tS^easurement 

The  Measurement  Test  is  an  objective  type  written  test  designed  to  measure  know 
ledge  as  applied  to  specialty  tasks.   It  is  used  t0  prIide  a  permanent  record  of  yoS?  ' 

may'^tain  fr^^tT^  -^T^;         ^^enf  tests  you  aSiS'wd 
may  contain  from  25  to  50  individual  test  items^usually  in  multiple-choice  form  " 
Remember,  your  accomplishment  of  these  measurement  tests  will  go  on  your  oerma- 

s  zz^:zre  record- 00  the  very  f  you  ™  to  Mto  good  gides  itTs ' ' 


V we 

rata 


The  measurement  test  for  a  unit  or  block  of  instruction  must  contain  at  least  one 

Stto£f.£?3  ^"'^L f°r KaCh  Crit6ri0n  °bjective-  K  may  have  more  than  ™ 
question  for  each  critenon  objective,  but  must  have  at  least  one.   You  must  apply  • 

dZT^  Tr     aSP^tS  °lthe  C0UPSe;  self-study.  attention  during  all  discussions  'and 
demonstrations,  and  performance  of  all  steps  in  the  practical  exercises  assigned 

A  fixed  figure  cannot  be  given  you  for  the  passing/failing  grades  required  as  these 
grades  may  be  different  for  different  tests.  Your  instructo/wUl  inform  yo  a  th  begin- 
mng  of  each  test  what  tne  minimum  passing  grade  is.   if.you  are  well  prepared  and 
l  ^  S6  y°ur  work  well   you  need  not  be  concerned  with  the  minimum  grades  as  you 
will  likely  score  in  the  higher  grades.   Written  instructions  will  be  furnished  you  ,t  the 
beginning  ot  each  test  peridd.  Read  these  instructions  carefully;  they  affect  YOUR 


you  wrf  not^permittiJ  X\£.  TsttrZl  IXote^nV^ 
tests  are  very  strict.  You  will  be  informed  of  your  tesX0^  as  sLn^f  ""t? 
after  the  test  period    You  Drohahiv  t~  V    •  1  7    P«ores  as  soon  as  possible 

given  additional  instruction  and  will  h  rl S?  J*  te^ut  if*°u  should,  you  will  be 
instruction.       in£"rucUon  and  will  be  retested,  or  washed  back  to  repeafrthe  unit  of  . 


■  / 
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Counseling,  Washback,  and  Elimination 

If  ydu  should  fail  a  test,  the  inst meter  or  supervisor  will  discuss  thevfailure  with 
you  and  will  counsel  you  on  the  best  action  to  take.  During  these  counseling  sessions 
remember  that  the  instructor  or  supervisor  is  interested  in  your  problems.   He  has 
nothing  against  you  and  is  only  trying  to  arrive  at  the  solution  to  whatever  the  problem 
„   was  that  caused  you  to  fail.  Be  honest  with  him  and  discuss  your  problem.  The  dis- 
cussion will  benefit  both  of  you,  * 

Once  you  fail  a  test,  three  avenues  are  open:  probationary  continuation,  washback  * 
elimination.  If  you,  the  instructor,  and  the  supervisor,  feel  that  you  are  able  'to 
accomplish  the  materials  in  which  you  failed  and  at  the  same  time  acquire  the  materials 
Jn  the  next  block,  the  instructor  will  recommend  you  for  the  probationary  continuation 
'  Durang  this  probationary  period,  you  will  be  giv<^  remedial  (extra)  instruction  outside 
of  normal  class  hours.  Upon  completion  of  the  periods  of  remedial  instruction  you 
mil  be  retested  and  if  you  pass  you  will  continue  in  the  new  block. 

If  you  should  fail  you?  retest,  the  second  option  of  washback  will  most  likely  be 
used.  In  this  case,  you  will  be  washed  back  to  a  class  behind  you  to  repeat  the  block 
'in  which  you  failed     make  passing  grades.  Upon  failing  to  pass  the  test  after  repeat- 
ing a  block,  or  upon  one  or  more  washbacks,  you  may  be  considered  for  elimination  in 
your  best  interest  or  in  the  best  interest  of  the  Air  Force.  Remedial  instruction  is 
available  to  "help  youavoid  the  possibility  of  washback  and  elimination. 

Remedial  Instruction  * 

Remedial  instruction  is  provided  to  give  extra  help  to  students  in  learning  course  ' 
material.  If  instruction  on  a  particular  subject  isn't  clear  you"  may  voluntarily  ask 
your  instructQr  to  be  placed  on  remedial  instruction:  -  Remedial  instruction  inay  also 
be  compulsory  should  you  have  failing  daily  quiz  scores  or  if  your  instructor  thinks 
you  need  extra  study..  , 

•  ' 
When  attending  remedial  study  you*  instructor  will  give  you  two  special  study 

assignment  forms.  A  copy  of  the  special  study  form  is  presented  to  your  squadron 
training  NCO,  The^original  is -kept  by  you  and  given  fo  your  instructor  when  remedial 
,  instruction  is  completed.  „  ' 

•  The  classroom  instructor  wili  inform  you, of  the  time,*  dates,  and  location  of  your 
remedial  instruction.  You  will  be  assisted  during  this  study  time  by  an  instructor,  or 
instructors  So  as  to  improve  your  daily%  quiz  scores  and  block  grades .  * 

Proficiency  Advancement  ,         ^  ) 

/  o>* 
This  is  a  program  to  allow  you*to  be  tested  on  any*  portion  of  the  course  in  tfhich 
you  have  already  had  training  or  experience.  In  other  words,  it  isn't  economically 
sound  to  take  up  your  time  training  you  in  a  subj^t  in  which  you  are  already  proficient. 
If  ybu  should  identify  a  block  in  the  course  which  contains  materials  for  which  you  have 
had  good  training  and  fQr  which  you  feel  you  can  pass  the  tests,  you  should  apply  for 
proficiency  advancement.  If  you  pass  all  the  required  tests,  you  can  bypass  thesemater- 
ials  and  graduate  ahead  of  your  class. 
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MODIFICATIONS 

 fi/.<jP£>  ^>  ~~  'of  this  publication  has  (have)  be^n  deleted  in 

/ 

adapting  this  material  ^or  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Educat  ion."    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    'and  was  not  considered  appropriate 
for  use  in  vocational ^nd  technical  education. 
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V-<  ELECTRICAL  AND  ELECTRONIC  FUNDAMENTALS 

OBJECTIVE  s  * 


The  purpose  of  this  unit  of  instruction  is  to  help  you 

1.  become  familiar  with  the  terms  and  theories  yiat  apply  to  electrical  and 
electronic  fundamentals. 

2.  understand  the  causes,  Effects  and  applications  of  magnets  and  magnetic  laws. 

3.  understand  two  types  of  reactance,  their  causes,  and  effects.  ^ 
INTRODUCTION 

Electricity  has  been,  and  still  is,  something  to  be  respected.  .This  is  probably  due 
to  the  fact  that  it  cannot  be  seen  and  also  the  possibility  of  injury  or  death  if  proper 
precautions  are  not  observed  when  working  with  it.  „  This  is  also  true  of  many'other 
things,  that  are  used  every  day,  but  the  results  of  carelessness  are  normally  less  se- 
vere.  As  you  become  familiar  with  tbis  particular  form  of  energy,  you  should  learn  to 
respect  it.   Properly  l^ndled  and  used,  electricity  has  become  one  of  the  greatest  bene- 
fits in,  existence  to  mankind.   To  properly  handle, and  use  electricity,  you  will  first  bave 
to  understand  some  of  the  factors  about  this  form  of  energy.   Some  of  the  factors  you 
will  be  concerned' with  are  electron  theory,  magnetism,  and  reactance.   This  study 
guide  will  help  you  to  understand  the  factors  surrounding  this  very  yseful  form  of  ' 
energy.  -  0 

INFORMATION 

SECTION  N0..1,  ELECTRON  THEORY  \ 

Remember  that  this  i's  fundamental,  and  that  your  future  in  this  field  is  based  on 
how  much  you  learn  and  how  many  of  these  basic  facts  yoti  retain. 

Matter  and  Energy  ^  .       -  * 

<?  . 
Material  things  can  be  classified  under  the  general  classification'of  matter  and 
Energy.   Matter  can  be  defined  as. anything  which  occupies  space  and  has  weight.  That 
is,  anything  that  can  be  measured  in  terms  of  weight  or  dimension,,  such  as  a  chair,  a 
book,  a  human  body,  gold,  silver,  air,  water,  etc.   These  things  are  tangible,  since 
they,  can  be  seen,  felt,  or  measured^ 

Energy  is  intangible;  that  is,  it  cannot  be  seen  but  is  represented  by  the  effects 
it  has  on  matter.   Energy  can  be  defined  as  "the  ability  to  do  work."  It  can  have  var- 
ious "forms  suclj  as  mechanical  energy,  *  chemical  energy,  electrical  energy,  and  heat 
energy.   Any  of  these  forms  can  be  transformed  from  one  to  the  other. 

In  the  study  olf  electricity  it  is  convenient  or  desirable  many  times  to  approach  it 
from  an  energy  standpoint. 
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Energy  is  measured  by  its  effects  on  matter.   These  effects  usually  produce  mo- 
tion.  From  this  viewpoint,  the  unit  of  energy  is  equal  to  the  force  necessary  to  produce 
motion  multiplied  by  the  distance  the  object  is  moved --hence,  the  expression  "foot- 
pounds." -      .  ~ 

Two  types  of  energy  are  potential  and  kinetic.   Potential  energy  is  energy  stored 
up  or  in  a  restful  position.   Kinetic  energy  is  energy  in  motion. 

Specific  examples  of  potential  or  kinetic  energy  are  unused  coal,  running  watSr, 
lightning,  current  flow  and  voltage  source.    *  ,  ? 

Construction  of  Matter 

^  Matter  exists  in  any  one  of  three  states:  gas,  liquid,  or  solid,  'jo  understand  why 

certain  substances  act  as  they  do  when  electrically  charged,  something  must  be  known 
about  how  materials  are  put  together.   For  (example,  if  we  could  take  the  rubber  in  a 
rubber  ball  apart,  or  take  apart  the  glass  in  a  glass  rod,  what. would  we  have?  What 
.    sort  of  materials  are  substances  made  of,  and  how  are  these  materials  put  together  to 
make  these  substances?  Scientists  call  this  the  "structure,  of  matter."  All  substances 
are  composed  of  elements,  molecuies,  of  atoms.  < 

ELEMENTS.   The  ancient  Greeks  were  convinced  that  all  physical  things  consisted 
of  four  elements:  air,  earth,  fire,  and  water.   To  them,  materials  were  different, be- 
cause they  were  composed  of  varying  amounts  of  these  four  elements.   As  time  passed 
and  scientific  methods  were  developed,  the  four  Greek  elements  were  broken  down  into 
more  and  more  "indivisible"  substances,  which  still  retain  the  same  element.  More 
than  100  such  elements  have  been  isolated. 

An  element  such  as  copper,  gold,  or  oxygen,  is  a  substance  which  cannot  be  re- 
duced to  a  simpler  substance  by  ordinary  chemical  means.    All  matter  consists  of  ele- 
ments or  combinations  of  elements.   The  difference  in  the  various  elements  is  not  that 
m  they  have  different  type  electrons  or  protons,  but  it  is  the  number  of  these  particles 
that  make  elements  different.  1 

COMPOUNDS.   A  compound  is  a  substance  containing  more  than  one  element  - 
chemically  united  in  definite  proportions' by  weight,  and  having  properties  different 
from  those  of  its  original  components.    For  example,  water  is  made  up  of  two  parts 
of  hydrogen  and  one  part  of  oxygen,  therefore,  ^ater  is  a  compound. 

MOLECULE.   A  molecule  is  defined  as  the  smallest  particle  of  matte*  which  can 
exist, by  itself  and  still  retain  all  the  properties  of  the  original  substance.   If  a  drop  of 
water  (a  compound)  is  divided  until  the  smallest  possible  particle  is  obtained  and  is 
still  water,  that  particle  is  known  as  a  molecule.   A  water  molecule,  if  divided,  would 
become  atoms  of  hydrogen  and  oxygen. 

ATOM.   If^you  subdivide  any  element  until  you  had  the  smallest  particle  that  re- 
tains its  identity,  as  a  part  of  that  element,  .then  you  would  have  what  is  called  an  atom. 
The  atom  is  also  define'd  as  the  smallest  part  of  an  element  that  can  take  part  in  ordi- 
nary chemical  changes.   (See  figure  6) 
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Figure  6.    Structure  of  Aluminum 
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All  the  atoms  of  a  particular  element  have  the  same  mass  (or  weight)  but  this  mass 
is  different  from  the  mass  of  the  atom  of  any  other  element  as  already  mentioned  As 
previously  stated,  all  matter  is  a  combination  of  one  or  more  of  these  atoms  just'' as 
words  are  a, combination  of  tlje  letters  of  our  alphabet.  < 

Formerly  it  was  believed  that  the  atom  was  the  smallest  particle  of  matter  but 
nuclear  physicists  have  proven  that  the  atom  is  made  up  of  many  small  particles. 
Each  of  these  atoms  has  a  nucleus  or  center  around  which  rotates  one  or  Wre- 
-  particles.  * 

The  structure  .of  the  atom  is  similar  to  our  solar  system  with  the  sun  as  a  nucleus 
and  the  planets  rotating  around  the  sun,  see  figure  7. 


--€< 


ELECTRON 


\  >  p*OTONS 


I       0R8IT  01? 
—  PATH  « 


NUCLEJS 


HELIUM.  ATOM 


ELECTRONS 


0R8IT 
OR 
PATH 


EARTH 


ATH  / 


EL  ECTRON 


/ 
/ 

I  SUN 

I  ' 
\ 


EARTH  REVOLVING  ABOUT 
THE  SUN 


NUCLEUS 


HYDROGEN  ATOM 


PROTON 


NUCLEUS 


\  ^©.-^^PATH 

CARBON  ATOM 


S  OR 
S 


ELECTRONS 


LfTHUM  ATOM 


Figure  1.    Electron  and  Proton  Arrangements  of  Four  Different 
y^toms  with  the  Earth  Shown  Rotating  About  the  Sun  for  Comparison 

The*  nucleus  of  any  atom  contains  or  is  made  up  of  peptides  called 'protons,  which 
:arry  a  positive  charge  of  electricity,  and  neutrons  which  are  neutral  in  charge  or 
lave  no  charge.   Their  weight  .^equivalent  to  ttfe#proton.   The  symbol  for  a  neutron 
is  N.   We  will  not  consider  the  neutron  in  our  work  in  this  course/ 
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,      It  has  been  proven  that  an' electron,  which  orbits  the  nucleus  of  the  atom,  from  the 
atom  of  any  element  is  the  same  as  an  electron  from  the  atom  of  any  other  element,  and 
the  proton  from  an  atom  of  any  element  is  the  same  as  the  proton  from  the  atom  of  any 
other  element.   The  electron  has  a  negative  charge. 

The  weight  of  the  protons  plus  the  weight  of  the  neutrons  located  hTthe  nucleus 
make  up  all  dKthe  weight  of  the  atom.   The  weight  of  the  electron  is  so'  light  that  it  is 
considered  insignificant,  although  it  has  a  larger  volume  than  the  proton.  The  atomic 
weight  of  an  atom  is  the  weight  of  the  protons  plus  the  weight  of  the  neutrons.   Each  of 
these  particles  is  said  to  have  a  weight  or  mass  of  one.  An  example  would  be  carbon 
which  has  six  protons  and  six  neutrons  and  thus  an  atomic  weight  of  twelve  Atoms 
also  have  atomic  numbers  and  to  find  this  merely  add  the  number  of  protons  The 
.  atomic  number  for  carbon  is  six,.   (See  figure  8)' 
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Figure  8.    Atomic  Structure 
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An  atom  in  its  normal  condition  has  an  equal  number  of  electrons  and  protons. 
The  negative  charge  of  electricity  on  the  electron  is  equal  and  opposite  to  the  positive 
charge  of  electricity  on  the  proton.   The  normal  atom  then  is  elfectrically  balanced  and 
Shows  no  signs  of  electricity.   The  mass  (weight)  of  a  proton  is  something  like  eighteen 
%  hundred  and  fifty  times  the  mass  (weight)  of  an  electron.  When  there  are  more  than" 
two  electrons  in  an  atom, they  rotate  around  the  nucleus  at  different  distances  from  the 
'center  of  the  nucleus  in  fixed  orbits   or  rings  and  with  a  fixed  number  in  each  orbit, 
when  they  are  in  their  normal  state.   Each  orbit  has  a  maximum  number  of  electrons 
it  can  hold.  The  first  orbit  contain*  two  electrons  with  the  exception  of  hydrogen  which 
has  only  one.   The  second  orbit  has  eight  electrons,  the  third  has  18,  the  fourth  has  32, 
etc.  Of  course,  all  atoms  would  not  have  full  orbits  and  would  not  always  contain  this 
number  of  electrons. 

Other  atoms  have  more  than  four  orbital  levels. 

Previously  it  was  mentioned  that  the  proton  was  much  heavier  than  the  electron. 
While  this  is  true,  the  electron  has  a  much  larger  volume.   Also  not  only  do  the  elec- 
trons orbit  the  nucleus  of  a!R  atom,  but  each  electron  spins  on  its  own  axis,  similar  to 
the  earth  rotating  in  24  hours..  If  ^n  atom  had  eight  electrons  in  its  second  orbital  level 
and  four  were  spinning  clockwise  and  four  counterclockwise,  then  the  atom  could  not 
make  up  a  magnetic  substance.   If  over  half  of  these  eight  electrons  were  spinning  in 
one  direction  and  the 'others  in  the  opposite  direction,  then  this  atom  could  become  a 
magnetic  substance.  '  , 

II  we  accept  the  above  statements  as  being  true,  and  scientists  have  proven  they 
are  true,  then  we  must  conclude  that  everything  on  this  earth  is  composed  of  tile  same 
things --electrons  and  protons  with  equal  charges  of  positive  and  negative  electricity 
and  in  electrical  balance. 

Why  are  some  things  hard  and  others  soft,  some  brittle  and  others  pliable,  some 
will  burn  and  others  will  not,  some  will  conduct  electricity  and  others  will  not?  The 
answer  is  in  the  way  the  individual  atoms  are  constructed.   The  simplest  atom  is  the 
hydrogen  atom.   It  has  one  electron  and  one  proton.. 

The  next  is  the  helium  atom  with  two  (2)  electrons  and  two  (2)  protons,  and  here  is 
where  (he  other  particles  in  the  nucleus  begin  to  appear  which  are  being  disregarded 
«  because  oyts  neutral  charge.   There  are  two  (2)  neutrons  in  this  nucleus. 

Going  on  up  the  line  of  elements  there  will  be  one  "more  electron  and  one  more, 
proton  added  for  each  individual  element  added  to  the  list.   This  will  continue  in  order 
until  you.get  thrOtigh  the  entire  list  of  elements. 

If  through  some  force  an  atom  loses  or  gains  an  electron,  it  is  then  called  an  ion. 
If  an  electron  is  lost  the  atom  becomes  a  positive  ion,  while  if  an  electron  is  gained 
the  atom  becomes  a  negative  ion.  The  voltage  necessary  to  remove  an  electron  from 
an  atom  is  called  the  ionization  potential. 
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Electron  Theory  of^Condijction 

It  is  necessarv  for  you  to  know  the  different  materials  insofar  as  electricity  is  con- 
cerned as  to  whether  they  are  conductors,  resistors   or  insulators.    The  outside  orbi- 
tal level  is  called  the  valence  orbit.    This  level  contributes  all  electrical  properties  to 
an  atom.  *The  positive  charged  nucleus  attracts  the  electrons  in  orbit  to  prevent  their 
escaping  into  space  while  their  speed  enables  them  to  stay  in  orbit  and  prevent  being 
pulled  into  the  nucleus.   Perhaps  you  wonder  why  the  protons  which  all  have  the  same 
charge  can  exist  in  the  nucleus  without  flying  apart  since  like  charges  repel.*  Scientists 
say  there  is  a  binding  force  that  holds  them  together,   It  is  believed  that  one  of  the  sub- 
atomic particles  recently  discovered  causes  this  binding  force. 


The  ability  of  a  particular  object  to  conduct  qurt-ent  is  called  the  conductance, 
unit  of  which  is  the  mho  and  the  symbol  of  which  is  G.  V 
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VALENCE.    Valence  is  the  capacity  atoms  have  to  react  with  one  another.  The 
various  elements  are  assigned  valence  numbers  as  one,  two,  three,  etc.  *The  valence 
ring  is  the  outer  electron  orbit,  and  it  is  this  orbit  that  determines  the  electrical  char- 
acteristics of  an  atom.  * 

You  will  study  two  types  of  valences  In  electrical  fundamentals.    This  study  wili 
prove  helpful  in  basic  electronics.    Electrovalence  is  the  loss  or  gain  of  an  electron 
bv  an  atom  to  reach  a  more  stable  electronic  condition.   An  gxample  of  electrovalence 
is  sodium  combining  with  chlorine  to  make  common  table  salt.   (See  figurS  9) 
Sodium  has  one  electron  in  its  valence  ring,  while  chlorine  has  seven  electrons  in  its 
valance  ring,  Sodjum  wilj  give  up  its  lone  valence  electron  to  chlorine.   This  makes  - 
the  next  orbit  of  sodium  full  and  makes  the  outer  valence  ring  of  chlorine  full!  Ufeus 
sodium  chlorine  (table  salt)  is  formed  by  the  actual  exchange  of  the^e  electrons. 
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Figure  9.  Electrovalence 
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An  e^nlpnof  i'  ^  Sharing  °f  electrons  t0  reach  a  more  stable  electronic  condition. 
An  example  of  covalence  is  germanium  which  has  atoms  with  four  valence  electrons 

S?h  ^ 1         6ighi t0  b6C0me  m0*  stable-  Each  tw°  atoms  shie  tfij  2? 
Pee  figure  ?oT  *  ^  *rrM«en*nt  in  this  manner 


Crystalline  Germanium  in  Covalent  Bonding 
Figure  10.   Covalent  Bonding 

p't  H?2?°^CTI0N-^N0te  ln  figures  11  411(1  12  that  the  electrons  are  rotating  at  differ- 
ent distances  from  the  nucleus.  Those  in  the  outer  orbit  or  ring  are  bound Aess  Sly 
o  the  nucleus  because  of  the  distance,  while  those  near  the  nucleus  are  more  tightly 


bound. 


The  atoms  of  the  metals  such  as  silve^  copper,  aluminum,  etc.  are  as  a  rule 
closer  together  and  the  orbits  of  the  electrons  in  the  oler  ring  will  actually  overlap 
as  shown  in  figures  11  and  12.  *"u<my  ovenap 
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Figure  11.    Free  Electron 
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FIRST  RING  OR  SMELL 
SECOND  RiNG  OR  SMELL. 
THIRD  RING  OR  SMELL 


CONSTRUCTION  OF  ALUMINUM  ATOM 
NUCLEUS  — 13  ♦  POSITIVE  CHARGES 
FIRST  SMELLt-  2-80UND  ELECTRONS 
SECOND  SMELL-  8  -  ELECTRONS 
THIRD  SMELL- 3- ELECTRONS 
POSSIBLE  TO  8E  FREE. 


Figure  12.' Three  Atoms  of  Aluminum  * 

S.C.°."fu  ?m  JOi"S  °"t0  anolher  aMm-  ™s  Bives  os  >£t,™''SlS? 
Free  electrons  mean  that  some  of  the  electrons  are  wandering  around  afmtosslvTn 


Any  mater 
electricity. 


with  a  large  number  of  free  electrons  is  considered  a  conductor  of 


Materials  with  few  free  electrons  are  classed  as  resistors  '    Some  of  the 
uto  commonly  used  for  resistors  are:  German  silver  (comp ?s.d  of^oppe  nickel 
and I  zinc),  copper-mckel  alloys  and  nickel -chromium  alloys    CarbonTs  a^Sher  ex 
ensavely  used  resistance  material .    Another  group  of  materials  that  i "  loiiv  r- 
lated  to  resistors  are  the  Semiconductors.    These  materials  will  conduct  SSL 
flow  under  certain  conditions  and  in  certain  directions.   Ex^le °a« ^Rochel  e  sa^s 
selenium,  Germanium  crystals  and  copper  oxide.  «ocneile  saks, 

,ro  J^re^e  °th6f  materials  "ith  practically  no  free  electrons.   These  materials 

J^V*  n°, Sfarp  •  iViding  line  betwe/n  inductors  and  resistors  or  between  re 
sistors  and  insulators.   The  best  conductor  will  offer  resistant  ,n       n«-V  , 

"dereIteiSt°rHWlliCOndU?  C™Bt-  ^^n^^J^^.SS^ 
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It  is  more  a  matter  ofease  of  conduction.  A  good  conductor  should  conduct  or 
carry  current  easily  or  with  little  opposition. 

A  resistor  is  often  used  to  impede  or  cut  down  the  flow  of  current,  while  an  insu- 
lator keeps  current  in  its  proper  path  or  circuit. 

Types  of  Electricity 

Possibly. onfe  of  the  reasons  electricity  is  looked  upon  with  fear  and  apprehension 
is  because  you  Cannot  see  electricity.  Since  electricity  cannot  be  seen,  you  must  de- 
velop safe  working  habits  while  you  are  working  around  it. 

DYNAMIC  ELECTRICITY.   Dynamic  electricity  (electricity  in  motion)  is  simply 
the  uniform  movement  of  free  electrons  in  a  conductor.    If  these  electrons  move  in  one 
direction  only,  you  have  direct  current  (dc).   If  they  move  back  and  forth  along  a  con- 
ductor you  have  alternating  current  (ac).   The  discussion  will  be  continued  to  direct 
current  (dc),  s^t  this  time.    Actually  dynamiq  electricity  is  the  most  useful  type  of 
electricity  and  is  used  to  operate  our  many  appliances.  Dynamic  electricity  may  be 
ac,  dc,  or  pulsating  dc.  (See  figures  13A  and  13B) 

What  makes  free  electrons  move  in  the  conductor?  Voltage  is  the  answer  and  you, 
will  learn  more  about  that  in  a  short  while.      x  * 

Now  return  to  the  movement  of  the  free  electrons  and  see  what  they  do.  When 
these  electrons  move  they  may  produce  four  noticeable  effects.   These  are:  heat,  mag 
netism,  chemical  action  (as  in  charging  a  battery),  and  they  may  produce  physical 
shock    These  are  the  four  effects  of  current. 


t  c 


«-TIME   1/60  SEC   

ALTERNATING  CURRENT 


< 


Waveform  for  DC 


Waveform  for  AC 


Figure  13A.  Cirpuits  with  Waveforms 


40  ic;. 


HALF  WAVE 


FUI.L  WAVE 


Figure  13 B.  Pulsatjng  DC 


STATIC  EL^CTRICTY.   Static  electricity  (electricity  at  rest)  is  electricity  pro- 
duced by  friction.    Benjamin  Franklin  identified  a  positive  charged   body  as  being  on- 
with  the  same  charge  as  left  on  a  glass  rod  when  it  was  rubbed  with  silk,  and  a  nega- 
"Vuu c5arged  body  as  being  the  sa™e  charge  as  left  on  a  hard  rubber  rod  when  it  was 
rubbed  with  fur    Of  course,  the  silk  rubbed  on  the  glass  would  have  a  negative  charge 
while  the  fur  rubbed  on  the  rubber  rod  would  have  a  positive  charge. 

Friction  between  your  clothes  and.the  seat  covers  in  your  car  may  cause  a  differ- 
ence in  potential  (voltage),  thus  causing  the  presence  of  static  electricity.  However 
electricity  becomes  dynamic  (in  motion)  when  it  jumps  from  your  hand  to  the  handle  of 
your  car  tending  to  balance  the  pbtential  and  causing  an  electron  flow.  Nature  is  con- 
tinually attempting  to  balance  things.  It  is  possible  as  you  slide  across  the  car  seat  ' 
for  you  to  see  the  sparks  and  feel  the  effects  of  the  electrbn  flow. 

The  glass  rod  mentioned  above  actually  released  its  electrons  to-the  silk  This 
left  the  glass  rod  with  a  deficiency  of  electrons  and  the  silk  with  an  excess  of  electrons 
The  rubber  rod  actually  accepted  some  of  the  electrons  from  the  fur  leaving  the  rod 
negatively  charged  and  the  fur  would  be  left  positively  charged. 

The  rubber  and  glass  rods  are  said  to  be  charged  when  rubbed  with-  various  types 
of  materials.    Around  all  charged  bodies  there  exists  an  invisible  field  of  force 
This  field  contains  imaginary  lines  of  force.   The  field  exists  around  both  a  positively 
charged  and  a  negatively  charged  object.    The  force  between  two  charged  objects  is 
directly  proportional  to  the  amount  of  charge  on  each  and  inversely  proportional  to 
their  distance.   Like  charges  repel  each  other;  unlike  charges  attract  each  ofher. 

An  electric  charge  may  be  detected  by  its  ability  to  attract  light  objects,  such  as- 
pith  balls  and  bits  of  paper:.  A  device  used  for  detecting  electric  charges  is  called  an 
electroscope,   in  its  simplest  form,  an  electroscope  consists  of  a  pith  ball  hanging  on 

h£?  ->l  "S  hread'  •  "  y°U  t0UCh  the  pith  baU  ™th  a  Slass  rod  Which  has  £5?  °  • 
rubbed  with  silk,  you  charge  it  positively.  .  Any  other  charged  body  which  is  brought*  -; 
near  the  pith  ball  will  repel  it  if  the  body  is  positive,  and  attract  it  if  the  body  is 
negative.  ' 
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„  The  distriBution  of  charges  on  objects  varies  accoroftg  to  the  shape  of  the  object 
See  figure  14.  •  • 


s 


Figure  14.  Distribution  of  Charges  % 

The  charge  on  the  outsidedfa  sphere  is  uniformly  distributed.  On  charged  ob- 
ject^rother  than  spheres,  the  greatest  charge  is  found  on  the  part  which  Has  the  ereat^ 
esf  curvature    Thus,  if  a  teardrop -shaped  object  is  charged,  the  intensity  of  the  elec- 
nc  field  will  be  greatest  in  the  regions  of  the  sharp  point.  Use  of  this  fact  is  made  in 
the  design  of  lightning  rods  and  of  certain  spark  gaps.    Static  electricity  is  usually 
harmful  and  serves  very  few  beneficial  purposes. 

Current  , 

A  movement  of  electrons  in  a  specific  direction  is  defined  as  current  flow  Re- 
member there  are  billions  of  electrons  in  a  conductor,  and  that  the  electron  is  the 
smailtest  negative  charge  of  electricity,  in  fact,  it  is  too  small  to  use  as  a  unit  of 
measurement  of  electricity.    The  negative  charged  electron  flows  toward  the  positive 
potentials.  .  r 

A  meter-connected  directly  into  the  line,  so  the-electrons  would  flow  through  it  is 
called  an  ammeter.  This  meter  will  actually  count  the  electrons  and  tell  how  many 
amperes  ofcurrent  are  flowing.  It  is  connected  in  series.  The  symbol  for  the  am- 
meter is  (A)  .  * 

The  mathematical  symbol  for  current  is  "I"  (representing  intensity  of  current), 
and  the  schematic  symbol  is  "A."  The  unit  of  measurement  is  the  ampere  Current 
has  four  effects  as  previously  mentioned.   They  are  magnetism,  heat,  chemical  ac- 
tion, and  physical  shock. 

Voltage  , 

Voltage  is  the  force  that  moves  the  electrons  in  a  conductor.  •  Voltage  is  nothing 
more  than/nore  electrons  at  one  place  thfin  at  another.  Voltage;  potential  difference 
electromotive  force  (EMF),  electron  moving  force,  and  electrical  pressure  are  all  ' 
used  interchangeably  and  mean  the  same  thing. 

Suppose  you  wanted  to  energize  the  outlet  on  your  workbench.   There  are  three 
principal  ways  or  means  by  which  you  can  get  voltage  or  difference  of  potential  between 

2f *!k5?  P°lntS;   J°U  may  US6  (1)  a  battery>  (2)  a  generator,  or  (3)  a  thermocouple. 
The  thermocouple  furnishes  very  little  voltage.   There  are  other  sources  of  voltage 
but  they  also  furnish  small  amounts  of  voltage.    Other  sources  are  by  friction  com- 
pressing certain  crystals,  and  the  photoelectric  effect.    It  would  take  20  billion 
candles  to  produce  100  watts  of  electrical  energy. 
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„nH  ,n  o     i  k  ,         ,6  f*bleor  normal  atom,  there  are  as  many  electrons  as  protonV 
.nil   ^alrbalan"  °f  e^trical  charges.   The  chemical  action  of  a-battery  femoves 
some  of  the  free  electrons  from  the  atoms  oh  one  post  of  the  battery  and  stacks  Se  ^  uo 
on  the  other  post.   It  takes  energy  to.remove  these  electrons  from  their  normal  doS 
tion  in  the  atom  and  stack  them  up  where  they  do  not  belong    These  electron™  whTch 
are  stacked  up  on  one  post  are  in  a  position  to  do  work  when  a  circuit  , compS  be  ' 
between  the  negative  and  positive  posts  as  shpwn  tn  figure  15-fherefore   a  batterv  1S 
a  device  which  changes  chemical  energy  to  electrical  ener^T     ereIore'  a  Dattery  13 


COPPER  - 


—  ZINC 


CLASS  JAR 


.  0e 

Symbol  for  cell 


ELECTROLYTE 


W^T  PRIMARY  CELL 

I  Figure  15.  "Battery  Cell  • 


GENERATOR.   The  generator^akes  free  electrons  from  one  terminal  and  stacks 
them  up  on  the  other  terminal.   In  this  c'ase  mechanical  energy  is  changed  to  etec"fcal 
energy  afc  shown  in  figure  16.  *  ^augeu  cp  electrical 


•GALVANOMETER 


STRONG  PERMANENT 
U-SHAPED  MAGNET 


Figure  16.   Generator  Action 
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THERMOCOUPLE.   A  thermocouple 
is  two  different  metals  joined  together 
such  as  copper  and  iron  wire,  or  otherv 
unlike  materials.    When  this  junction 
is  heated,  as  shown  in  figure  17,  it 
causes  free  electrons  to  stack  up  on  one 
terminal  while  the  otheriarill  have  a  de- 
ficiency of  electrons,  battery  and  gener- 
ator. 4  In  this  case  heat  energy  is  changed 
into  electrical  energy. . 

In  each  of  these  three  cases  energy 
was  used'to  displace  electrons  from  one 
post  and  stack  them  up- on  the  other. 
The  post  or  terminal  with  an  excess  of 

electrons  Is  called  the  negative  terminal,  and  the  post  or  terminal  with  the  deficiency 
of  electrons  is  called  the  positive  terminal. 


Figure  17.  Thermocouple 


-    This  condition  is  expressed  by  the  term  ''difference  of  potential"  or  voltage  which 
. actually *means  ability  to  do  work  due  to  a  state  of  unbalanced  electron  condition. 

You  are  possibly  familiar  with  the  constructionand  use  of  a  pile  driver*.    It  is  a 
device  used  for  driving  posts  or  piles  into  the  earth  for  foundations  or  dams.  It  con- 
sists of  a  framework  and  a  heavy  weight  with  some  means  of  raising  ,the  weight  and 
letting  the  weight  drop  on  top  of  the  pile  or  post.    Why  is  this  weight  lifted?  To  give 
the  weight  potential  energy.  When  the  weight  is'dropped,  this  potential  energy  is 
changed  into  dynamic  energy, and  forces  the  pile  into  the  ground. 

A  similar  thing  happens  in  electricity  by  taking  free  electrons  from  their  normal  , 
'  position  and  stacking  them  up  on  the  negative  jlbst.  This  is  like*lifting  the  weight  on  the  „ 
pile  driver.   When  the  weight  is  dropped  it  does  useful  work.    The  same  things  hap- 
pens in  an  electric,  cirouit  when  a  switch  is  closed.  "  The  potential  energy  of  these 
electrons  will  perform  some  of  the  useful  effects  of  current  as  mentioned  before --heat, 
magnetism,  chemical  action^  and  shock. 

<The  mathematical  symbol  for  voltage  is  "E"  and  the  schefnatic  symbol  is  "V." 
The  instrument  used  to  measure  this  potential  difference  between  two  points  is  called 
the  voltmeter.   The  unit  of  measurement  rs  the  volt.  The  voltmeter  is  usually  con-  ' 
nected  in  parallel."  The  symbol  is  (V)  . 

The  volt  is  actually  a  measure  of. the  energy  expended  in  displacing  a  unit  charge 
from  one  terminal  to  the  other  in  our  sources  of  voltage,  which  is  the  basic  unit  of 
elfectrical  energy.  *  - 


Resistance 

*  «. 

The  definition  of  resistance  is  to  oppose  or  retard.  '  In  electricity  resistance 
means  the  opposition  to  the  movement  of  free  electrons  through  a  circuit  or  conduccor. 

Remember  there  are  billions  of  electrons,  protons,  and  other*particles  ima  con- 
ductor.- When  the  free  electrons  are  forced  along  a  conductor  they  are  in  continual 
collision  with  theseparticles.   These  collisions  tend  to  stop  the  free  movement  of  the 
electrons  and  are  one  of  the  main  retarding  forces.  •   •  * 

The  resistance  of  a  conductor  is  determined  by  four  factors:  length,  cross  setf-  r 
tional  area,  kind  of  material,  and  temperature.   The  longer  the  conductor  the  more 
resistance,  the  larger  the  cross  sectional  area  the  less  the  resistance,  the  more  free 
electrpns  (determined  by  the  kind  of  material)  the  less  the  resistance,  and  in  most 
cases  the  higher  the  temperature  the  more  the  resistance.   An  exception  to  this  rule 
is  carbon  which  is  one  of  the  few  materials  that  has  less  resistance  with  an  increase 
in  temperature. 

When  a  material  increases  in  resistance  with  an  increase  in  temperature  it  is  said 
to  have  a  positive  coefficient.   One  that  decreases  in  resistance  with  an  increase  in 
temperature  is  saad  to  have  a  negative  coefficient.   Figure  18  illustrates  one  of  the 
uses  of  resistors,  .  ^ 

The  unit  used  as  a  measurement  of  re/sistance  is  the  ohm.   Orf?volt  will  force  one 
ampere  of  current  through  one  ohm  of  resistance.   The  mathematicaTsymbol  for  re- 
sistance is  "R-'  and  omega  symbol  "  fl  "  as  the  schematic  representation 
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Figure  18.   Incandescent  Light  Bulb  Showing 

Insulators,  Conductors  and  Resistor  ccs-oa 


Resistors 

Resistors  are  classified  as  variable  resistors  and  fixed  resistors. 

VARIABLE  RESISTORS.    Variable  resistors  may  be  classified  as  rheostats  or 
potentiometers,  depending  upon  their  use,  the  number  ofterminals,  and  how  they  ^re 
connected  in  the  circuit. 

K 

*  A  rheostat  is.a  variable  resistor 

which  may  be  used  as  a  control  to  vary 

the  amount  of  current  which  flows  in  an 

electric  device.  '  The  rheostat  has  two 
*   terminals;  one  terminal  is  connected 
■  to  one  end  of  the  resistance  and  the. 

other  terminal,  to  the  slider  arm  con- 
tact. A  typical  circuit  in  whichr  a 
•  rheostat  is  used  is  shown  in  figure  19, 

Since  die  rheostat  controls  the  circuit, 

it  serves  to  vary  the  intensity  of  the 

pilot  light,  R. 

As  the  slider  arm  is  moved  from  A  toward  B,  the  amount  of  rheostat  resistance 
(AB)  in  the  circuit  ist  increased.   Since  the  rheostat  resistance  and  Use  fixed  resistance 
of  the  lamp  are  in  series,  the  total  resistance  of  the  circuit  also  increases.  The  total 
current  in  the  circuit  therefore'decreases.    By  a  similar  analysis,  you  can  see  that  as 
'the  slider  arm  is  moved  toward  A,  the  total  resistance  decreases  and  the  current 
through  the  .lamp  increases.  ~  - 

The  potentiometer  js  also  a  variable  resistor.   However,  the  potentiometer  has 
.   three  terminals;  the  two  ends  and  the  slider  arm  are  connected  in  the  circuit.  A 
polenriometer  is  a  control  used  to  vary  the  amount  of  voltage  to  an  electrical  device. 

I 

By  omitting,  the  connection  to  one  end  of  the  potentiometer,  you  may  use  it  as  a 
rheostat.   The  potentiometer  is  used  to  control  the  volume  of  your  radio  and  the  bright- 
ness control  of  your  television  receiver.   In  Figure  20,  note  how  the  potentiometer  is 
used  as  a  means  of  obtaining  a  variable  voltage  from  a  fixed  voltage  Source  for  an 
electrical  device.  The  voltage  applied  across  the  device  is  eijual  to  the  voltage  from 
B  to  C  because  the  load  is  connected  in  parallel.   When  the  slider  arm  is  moyed  to 
point  A?  the  entire  voltage  is  across  the  load,  and  when  the  §lider  arm  is  moved  to  point 
C,  the  voltage  across  the  load  is  zero.-  The  potentiometer  makes  it  possible  to  apply 
any  voltage  within  the  range  between  zero  and  full  voltage  across  the  load. 


Figure  19.  Controlling  Current  Flow 
With  Rheostat 
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Figure  20.   Tapered  Control  and  Varying  Voltage  with  a  Potentiometer 

FIXED  RESISTORS.  Resistors  are  usually  "made  of  either  carbon  or  high  resist  -t 
ance  wire.  Most  variable  resistors  are  made  of  wire  wound  around  some  sort  of  form. 
The  larger  the  physical  size  of  the  resistor  the  more  heat  (wattage)  it  can  handle  safely. 

SUMMARY 

* 

All  material  things  on  this  earth  are  made  from  atoms.    Atoms  are  constructed 
from  still  smaller  particles.   The  center  or  nucleus  of  any  atom  is  made  up  of  small 
particles  called  protons,  which  carry  a  positive  charge  of  electricity.'  Moving  around 
this  nucleus  at  different  distances  are  other, small  particles'  called  electrons,  which 
carry  a  negative  charge  of  electricity.   The  normal  atom  has}as  many  electrons  as 
prbtons  and  has  equal  but  opposite  charges. 

Due  to  the  structure  of  some  materials,  there  are  electrons 'which  wander  around 
aimlessly  through  the  material.    They  are  called  free  electrons.   A  material  with* 
many  free'eleclrons  is, classed  as  a  conductor  of  electricity.    These  materials  with  a 
few  free  electrons  are  classed,  as  resistors.  Materials  with  practically  no  free  elec- 
trons are4  classed  as  insulators.  ^ 

[ 

It  is  possible  to  disturb  the  normal  balance  of  the  atom  in  some  materialsby  re^> 
moving  some  of  the  free  electrons  from  some  atoms  and  forcing  these  electrons  into 
other  atoms.     The  atom  from  which  the  electrons  came  has  a  deficiency  of  electrons 
and  therefore  carries  a  positive  charge.   The  atoms  to -which  the  electrons  are  added 
have  an  excess  of  electrons  and  therefore  a  negative  charge.    Any  time  there  are  inpre 
electrons  at  oqe  place  than  another,  there  is  a  voltage  or  difference  of* potential  between 
these  two  places  or  points.   Other  names  for  voltage  are  electromotive  force  and  elec- 
trical pressure.   Three  w^ys  of  producing  a  voltage  are:  generator,'  battery,  and 
thermocouple. 

When  voltage  is  applied  to  a  circuit,  it  causesNree  electrons  to  move  along  the 
conductors  in  a  uniform  movement.   If  the  electrons^move  in  one  direction  only,  it  is  1 
called  direct  current  (dc).   If  the  electrons  move  forward  and  backward  through  the 
circuit,  it  is  called  alternating  current  (ac).    Four  effects  of  current  are:   heat_,  mag- 
netism, chemical  action,  and  physical  shock. 

Wjhen  free  electrons  move  through  a  conductor,  they  are  ^continuously  colliding,  1 
with  otjier  particles  in  the  conductor.    These  collisions  give  opposition  to  the  free  ' 
movement  of  tb§  electrons.     This  opposition  is  called  resistance. 


QUESTIONS  '  * 

1.  What  is  an  electron? 

2.  Define  voltage. 

3.  What  are  the  two  most  common  sources  of  voltage?^ 

c  * 

4.  What  principle  does  the  battery  use  to  produce  voltage 

r 

5.  What  are  the^two  types  of  electricity? 

6.  What  are  protons? 

7.  What  is."static"  electricity? 

8.  *  Define  resistance. 

9.  Define  current. 

10.  What  factors  determine  the  resistance  of  a  conductor? 
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SECTION  NO.  2,  MAGNETISM 

^Magnets 

A  magnet  is  of  metal,  usually  iron  or  steel  that  has  the  characteristic  of  becoming 
wiagnetized.  Magfiets  have  certain  properties  such  as  the  ability  to  attract  other  mag- 
netic materials. '  Studies  show  that  all  magnets  are  governed  by  certain  natural  iawr>. 

Types  of  Magnets 
» 

A  natural  magnet  as  mentioned  is  a  piece  of  magnetite,  a  kind  of  iron  ore.  The 
ancients  knew  the  properties  of  this  ore  and  called  it  lodestone,  which  means  "leading 
stone."  The  only  use  found  for  it  was  in  making  magnetic  compasses  foV  telling  direc- 
tion. In  modern  times  scientists  have  discovered  more  about  magnets  and  the  relation 
of  magnetism  to  electricity. 

Artificial  magnets  are  man-made  magnets.   Scientists  have  found  Ways  to  magre- 
tize  certain  materials.  Magneticsubstanees  such  as  iron,  steel,  and  nickel,  maybe 
magnetized  by  using  magnetic  induction.   Nonmagnetic  materials  such  as  glass,  wood, 
etc.,  cannot  be  magnetized  by  ^ny  means. 

If  the  head  of  an  iron  nail  is  placed  under  a  magnet  so  that  its  head  touches  the  mag- 
net, the  lower  end  of  the  nail  will  hold  up  several  tacks.   The  nail  has  been  made  into  a 
magnet  '6y  touching  the  magnet.   We  say  that  the  magnetism  \s  induced  in  the  nail.  This 
is  commonly  called  magnetic  induction.   Curiously  enough,  the  nail  does  not  need  to  be 
in  contact  with  the  magnet  in*order  for  magnetism  to  be  induced.   If  you  will  bring  the 
nail  chrectly  underthe  magnet  but  not  couching  it,  the  nail  will  still  hold  one  or  more 
tacks,  showing  that  magnetism  has  been  induced  in  it.   However,  in  both  cases  as  soon 
as  the  magnet  is  removed^the  nail  will  lose  its  magnetism.   Thus,  the  magnetism  in- 
duced in  an  iron  nail  makes  it  only  a  temporary  magnet,  because  it  loses  its  magne-, 
tism  sooh  after  it  is  removed  from  a  magnetic  field. 

Magnets  that  keep  their  magnetism  for  a  long  period  of  time  after  being  removed 
from  a  magnetic  field  are  called  permanent  n;agnets.   Magnets  of  this  kind  are  usually 
made  by  atn  electric  method.   If  you  put  a  piece  of  iron  or  a  piece  of  steel  in  a  wire  cguI 
and  pass  dc  current  through  the  coil  magnetizing  them,  they  would  both  pick  up  about 
the  same  number  of  tacks  while  the  current  is  on.   But,  when  the  current  is -turned  off 
and  the  pieces  are  taken  out  of  the  coil  of  wire,  you  will  find  that  the  piece  of  steel  will 
be  able  to  pick  up  more  tacks  than  the  piece  of  iron.   In  fact,  the  iron  usually  loses 
most  of  its  magnetism  as  soon  as  the  current  stops  flowing  through  the  coil  of  wire. 
One  of  the  best  permanent"  magnets  made  today  is  called  Alnico.   This  is  an  alloy  or 
a  combination  of  metals.   It  is  made  of  aluminum,  nickel,  iron,and  cobalt.   Steel  is 
an  alloy  and,  of  course,  is  a  good  magnetic  material. 

The  induced  magnetism  that  remains  in  a  magnet  "substance  after  the  magnetizing 
force  has  been  removed  is  called  residual  magnetism.   Because  steel  and  certain  alloys 
hold  magnetism  for  a  long  period  of  time,  they  are  used  to  make  permanent  magnets. 
Iron,  on  the  other  hand,  is  used  to  make  temporary  magnets  and  is  atejnporary  * 
magnet.        »  1  *"  '  ■ 
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Magnets  are  made  in  many  shape 
according  to  their  use.    Common  shapes 
are  the  bar  and  horseshoe  magnets.  A 
keeper  (a  piece  of  soft  iron  connecting 
the  poles),  should  be  kept  on  the  magnet 
to  enable  it  to  maintain  its  strength,  (see 
figure  21)  for  illustration  of  keeper. 
Magnets  are  usually  labeled  North  or 
South  but  if  they  are  not,  there  are  ways 
of  finding  the  polarity.   You  could  bring 
it  near  a  magnet  of  known  polarity;  it 
could  be  suspended  from  a  string  and  it 
will  point  North  and  South.  Also,  a  com- 
pass could  be  used  to  find  the  polarity. 


SOFT  IRON  KEEPER 

A 


Figure  21 


Theory  of  Magnetism 


<,mannm«V hei0ry.? .ma?netiSm'  "  is  USuaUy  a^ed  that  all  matter  is  made  up  of 
small  molecules  that  act  aS  though  they  were  very  small  magnets.   For  magnet" 1 

rts ^tl°nl\Steel'  thf 6  Str°ng'  in  311  ^her  -ateriaTslh fm^f 

nets  aie  weak    m  a  material  not  magnetized,  the  molecules  align  in  no  regular  posi- 

he  JST  !     luTry  direCt!°n     Shm  in  fi^re  22(A)-   When  niagnetiSd  ^1  of 
the  molecules  w*U  line  up  with  their  north  poles  pointing  in  one  direction  as  in  figure 
22(B).    In  soft  iron  the  molecules  tend  to  return  to  their  original  position  when  the 
magnetizing  force  is  removed,  so  the  magnetism  is  temporary  and  the  mamet  is 
Dofitfon  .TJf7  mag^ L   In  hard  St6el  the  ^cule,  tend  to  retain  theiVma^netic 
The  ha?d  rTainS  ma«netized         *e  magnetism  force  is  removed, 

m^n, *  '  there£?.rei  becomes  a  Permanent  magnet.   The  magnetism  that  re- 
mains sLtec/tne  magnetic  force  is  removed  is  known  as  .RESIDUAL  MAGNETISM  as 
prenously  mentioned.   Heat  and  shock  will,  destroy  magnetism  because  they  ^ve  the  ' 
molecules  an  opportunity  to  return  to  their  original  position.   If  a  magnet  to  broken 

L rSriSS^S  many.Snla11  ^nets  M  there       Pieces.   All  combined  will  hive' 
the  strength  of  the  original.    (See  figure  23)  • 
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Magnetic  Fields 


,  ^wicri.    voce  agure^,;    rnis  fact  shows  that  magnetism  xrt*  n<;  o 

magnetic  field  or  s.mply  the  field  of  a  ma^ef  '  15  "lled  » 


Bar  magnet 


END  OF  BfR  MAGNET 


-ONGITIONAL  VIEW 


Figure  24 


CROSS  -SECTIONAL  Vie// 


Figure  25 


sources  of  magnetism  increases.        .:  .  -  magnet  or  otner 


DIRECTION  OF  LINES  OF  FORCE. 
^Every  line  of  force  of  a  magnet  is  as- 
sumed'to  pass  out  from  the  north  pole, 
make  a  complete  circuit  through  the 
surrounding  medium,  and  return  into" 
the  south  pole;  from  there* it- passes 
through  the  magnet  to  the  north  pole 
again,  as  shown  in  figure  26.   The  di-  . 
rection  of  the  lines  of  force  is  indicated 
in  this  way,,  and  the  path  that  they  take 
is'called  the  magnetic  circuit.  Figure 
27  also  illustrates  the  above  statement 
very  well. 

Although  a  line  of  force  may  appar- 
ently leave  the  end  of  a  magnet  and  dis- 
appear into  £pace  as  indicated  by  the 
arrangement  of  the  ironjilings  shown 
in  figure  25,  it  must  eventually  return 
to  the  opposite  pole  of  the  same  magnet.' 

The  direction  of  the  lines  of  force  in 
any  magnetic  field  can  be  traced  by  sev- 
eral compasses  as  shown  in  figure  28. 
The  north-  pole  of  the  needle  will  always 
point  in  the  direction  of  the  lines  of 
force,. or  in  other  words,  the  needle  1 
always  turns  so  that  its  axis,  is  parallel 
to  the  lines  of  force  at  that  place. 
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Figure  28.    Effects  of  Magnetic  .Field  on  Compass  Needle 


ATTRACTION  AND  REPULSION.   When  a  north  pole  of  one  magnet  is  p^ced  near 
the  south  pole  of  another,,  the  magnets  will -attract  each  other.   The  lines  of  forc'tyat 
come  from  the  nort>pole  of  the  first  magnet  move  through  air  to  the  south  pole  o:4h,e 
second  magnet,  as  shown  by  the  iron  filings  in  figure'  29..  '■      *  * 


The  lines  of^force.  continue  through  the  second  magnet,  pass  out  to  the  air  and 
finally  return  to  the  south  pole  of  the  first  magnef.   The  lines  of  force  thus  pass  through 
Doth  magnets,  and  the  tension  in  these  lines  tends'to  pull' the  magnets  together  The 
action  is  similar  to  that  which  would  tie  experienced  if  the  lines  of  force  were  replaced 
by  stretched  rubber  bands.  ... 

When  a  north  pole  of  one  magnet  is  placed  near  the  north  pole  of  another,  the  mag- 
nets will  repel  each  othe'r. .  The  lines  of  force  may  be  represented  by  the  iron  filings 
,  abovs  the  magnets  as  before,  but  this  time  they  will  appear  as  shown  in  figure  ftk 

There  will  be  a  crowding  together  of  these  lines  of  force  as  indicated,'  which  ex- 
plains the  repelling  actien.  Again  these  lines  of  force  may  be  considered  as  rubber  * 
«  bands  which,  when,croyded^Lnfco  a  small* space',  exert  a  sidewise  pressure  on  one  an- 
other,  thereby  tending  to  separate  the  magnets.   N6te  that  the  lines  ol force  in  this  * 
diagram  do  not  intersect  or  the  lines  of  force  do  not  cross  each  other. '       *         '  *  *' 

From  the  facts  which  have  been^stated  and  illustrated,  the  fundamental  law  of  mag- 
nets is  established:  Like  poles  repel  each  other,  whereas  unlike  magnetic  poles  attract 
each  ether/       .  T  f  =  


MAGNETIC  INDUCTION,   When  a 
magnetic  substaxjc'e^such  as  iron  is  * 
brought  into  a  magnetic  field  so  that  the 
magnetic  lines  of  force  pass  through  it, 
the  substance  immediately  becomes  .  *.4't 
magnetic.   The  lines  of  force 
vsun*ed  to  crowd  together  and 
pass  through  the  mSignetic  su 
as  indicated  in  figure  31J?£c 
a  better  conductor  for  lines  o 
than  the  surrounding  air. 

In  this  illustration  a  small  rectangu- 
lar piece  of  iron  is  placed  in  the  magnetic 
field  of  a  bar  magnet.   The  substance  so 
magnetized  is  usually, .however,  only  a 
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temporary  magnet.  When  it  is  removed  from  the  magnetic  field,  its  maenetism  uai 
ally  disappears.  While  under  the  influence  of  the  magnetic  field  the  Sance  be^ 
haves  as  does  any  magnet  and  has  polarity  which  is  so  distributed  thatTs  sou  h  Pole 
is  the  one  where  the  magnetic  lines  enter  it;  whereas  its  north  pole  is  n  thT^ticn 

in  r'lw  Wj,lre  Ci6  magnetiC  lines  leave>  This  method  of  producing  m£ne ism 
in  a.pilgnetio.substahpe  is  called  magnetic  induction  as  previously  mended 


'MAGNETIC  SCREEN.  ^When  a  mag-  * 
'.netic  material  such  as  soft  iron  is  placed 
near  a  magnetic  field,  the  lines  of  force 
•of  the  field  will  tend  to  pass  through  thev 
iron  instead  of  the  surrounding  air,  as 
the  iron  provides  an  easier  path  and  is 
said  to  have  high  permeability.  (See 
figure  31.)  This  principle  is  used  in 
the  magnetic  screen,  which  provides  a  : 
space  in  the  magnetic  field  that  is  free 
from  the  lines  of  force  as  indicated  in-  \y 

figure  32.  The  iron  at  (A)  is  rectangular  in  shape  afad  Ae  air  space  free  from  the  flux 
(B)  is  shown  at  (C).   This  condition  could  not  be  QbtainJd  by  bJ^uSSS!^  bv 
Sunnl  ?0,:CeIain;  ?0PPer'  °r  °th6r  nonm^"c  maftrial,  since  the  reluctLr^oppo 
sition)  to  lines  of  force  of  these  is  about  the  same  as  that  of  air.   The  mS  screen 
is  sometimes  used  to  shield  delicate  measuring  instruments  from  stray Telds  anJ 
thereby  increase  their  efficiency.  y 

Electromagnetism  . 

You  have  studied  both  electricity  and  magnetism.   Magnetism  as  a  result-  nf 
tricity  and  electricity  as  a  result  of  magnetism.      -       ageism  as  a  result  of  e.ec- 

The  production  of  magnetism  is^accomplished  by  the  fact  that  a  current  car™-'™ 
conductor  is  surrounded  by  a  magnetic  field.  Electricity  is  wr^T^^g^!* 
means  .generator)  and  is  created  by  electromotive  induction  mechanical^ 

Electromagnets  come  in  all  shapes  and  sizes,  'some  are  so  small  they  will  fit  in  % 
the  top  of  your  pen  and  some  are  so  large  they  can  lift  tons  of  iron    For  exaZlf  1 
ZZrZ  >{*leZr°magnet  h'aS  been'-vented.  It  is  the  size  of  a  donut  andTeighs  one 
pound,  yet  it  has  33  times  the  strength  of  an  old-type  electromagnet :  wS^^OtoJ 
For  every  sue.  and  shape  of  electromagnet,  there  are  many  job^ch  as  door  1 

tir^oZVe  Sere°33):  ^ 

contr^'T^r?  "V**  P',,7nanent  magnets  in  their  attraction  but  unlike  in  their 
control.      Their  attraction  may  be  tremendous.   They  can,  when  properly  construe  ed 
hold  tons  of  .iron  but  because  these  magnets  are  cont  rolled  by  an  S^^rMnTS' 
magnetism  can  be  turned  on  and  off  with  the  flick  of  a  switch  current,  the 
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Figure  33,    Uses  of  Electromagnetism 
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Electromagnets  aro  usually  constructed  with  a  coil  of  wire  surrounding  a  soft  iron 
. -.r  To  understand  h-.w  .hxtron.agnet.sm  works  you  must  understand  he  character^ 
isticW  ooikiik  f.rs  wh.  ii  the-,  are  carrying  current.  -   -nu^ine  cnaracter- 

THE  MAGNETIC  FIELD  AROUND  A  CONDUCTOR  •  All 

1820.  This  cm  be  proven  bi  connecting  a  icire  to  a  batterv  and  as  in  ftalS  Sdin  ih. 
mr«  ,n  rro.  f, U««.    The  M,W4  are  Oracled  and  held  to  L  ™    Now  d!sc„„„« , 

CuSt'?!  FLOW.' SC.'  d"0P'°H-  .  ?h,S  »  P™'        *'  ™LD  EXISTS  ONLY  WHEN 


Figure  34.  MagnetisnyProduced 
bv  Current 


Figure  35A.    Magnetic  Field 
Around  a  Conductor 


tl^re1S^A1ZrPaSSmgKth€  conductor  through' a  hole  in  a  pi§ce  of  cardboard  as  shown  in 
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Figure  35D.    Magnetic  F:eld  About  a  Conduct 


or 


Two  characteristics  stand  out: 
(2)  no  lines  cross* 


(1)  the  field  is  circular  around  the  conductor  and 


The  magnetic  field  around  a  current -carrying  conductor  surrounds  the  wire  for  its 
entire 'length.   (See*'figure-35B. )  The  field  is  strongest  near  the  conductor  and  gets 
weaker  the  further  you  get  away  from  the  conductor*  The  magnetic  circles  around  a 
conductor  are  in  the  saifte  direction.  .  , 

Place  compasses  aroilfnd  thevcond&tor  as  shown  in  figure  36A»    The  "N"  end  of 
all  compasses  point  in  the  directipn  of  che  magnetic  lines  of  force./,  This  shows  that  the 

magnetic  lines  of  force  are  circular  around  the  wire. 
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DIRECTION  OF  CURRENT 
IN  A  COtiDUClOT 
HAVING  A  -COUNTER- 
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FLUX  IN  A  MAGNETIC  FIELC? 


figure  3 6 A.    Direction  of  Magnetic  Field, Around  a  Conductor  " 

Leave  the  compasses  in  place  and  reverse  the  current' direction  (switch  battery 
connections).   AIL  the  compass  points  now  reverse.     This  shows  .that  the  direction  of 
y*fe  Magnetic  lines  of  force  are  determined  by  the1  direction  of  current  fjow.   T^his  is 
commonly  called  the  left-haki  rule.   (See  figures  36A,  B-,  C,  and  D. )  Later  you  will 
study  the  Generator  Left-Hatid  Rule.  , 

if  you  grasp  a  current-carrying  coriductor  with  the  left  hand,  holding  the  extended 
thxiinb  in  the  direction  of  current  flow,  the  fingers  encircle  the  wire  in  the  direction  of 
the  magnetic  field  as  shown  in  figure  36B.a  .  ,  * 


FINGERS  INOICATE 
OIRECTION  OF  LINES 
OF  FORCE  ' 


THUMB  POINTS  IN 
OIRECTION  OF 
CURRENT  FLOW 


Figure  36B,  Determining  Direction  of  Lines  of  Force 


list- 


Figure  36C.  Magnetic  Field" 
Surrounding  Parallel  Conductors 
with  Current  in'Same  Direction 


Figure  36D.   Surrounding  Parallel 
Conductors  with  Current 
in  Opposite  Direction 


The  polarity  of  a  coil  cz*n  also  be  determined  by  the  left-hand  rule.  Grasp  the  coil 
in  the  left  hand  so  Jtjiat  the  fingers  follow  the  direction  iri  which  current  is  flowing.  The 
thumb  will  point  to  the  north  pole  as  shown  in  figures  37A  and  37B. 
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Figure  37A.   Determining  Polarity  pf  a  Coil 


4      The  magnetic  field  around  a  single 
conduccor  is  of  litfcle  use  since  it  is. 
normally  too  weak  to  exercise  much 
'attraction.    If  you  fq^rm  a  number  of 
loops  close  together,  you  can  concen- 
trate the  strength  of  the  magnetic 
field  *nd  create  polarity.   It  is  im- 
portant to  hafe  polarity  si'oc'e  these 
are  tfie  points  of  greatest  magnetic 
concentration: 

The  strength  of  an  electromagnet 
is  determined  principally  by  three 
things-   [I)  the  number  of  turns  in'a, 
toil,  '2)  the  amount  of^current  flowing 
10  the  conductor,  and  <3)  the  type^of  cna- 
"'"teria1  in  thie  core. 


Figure,37B.    Conductor  Formed  U 
'  into  Loop' 
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.    Figure  38 


.... E, Lf  CTROMAGNCTIC  INDUCTION.   A  magnetic  field  can  be  made  to  create  an 
fnnn  ie£Ctr°motlve  voltage),  and  thereby  cause  a  current  to  flow  ln  a  closed 

lc?n^S  "IT"  °f  an         13  ^ccomP.^hed  by  moving  a  conductor  so  that  i  cuts 
across  lines  of  orce,  or  by  moving  the'linesof  force  so  that  they  cut  across  the  con- 
ductor.  The  relative  motion  is  illustrated  in  figure  3B.  " 

f^'r  ■?  figufre.38''  lf  the  inductor  fa  moved  back  and  forth  between  the  pole  faces  so 
hat  us  motion  is  parallel  to  the  direction  ofthe  magnetic  lines  of  forjand  therefore 
not  putting  them,  there  will  be  no  deflection  on  a  meter  connected  to  the  SmStS? 
This  demonstrates  that  theYe  is  no^induced  voltage.   As.the-angle  between  tonnes  of 
force  and  the  path  of  the  conductor  is  increased,'  the  deflection  a.m3£  increaXs 

tn  Vhp  r  S^rUm  t6fleCti0h  iS'reaChed  Wh=en  th&  Conductor  1S  moving  at  right  a^es 
to  the  field.-  It  may  be  stated,  therefore,  that  adductor  moving  parallel  to  mlT 
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Generation -of  AC  Voltage 

Previously  you  learned  several  ways  to  generate  a  voltage.   One  way  was  by  the 
use  of  a  generator.   A  generator  is  made  up  of  two  parts.   They  are  the  igptor  or  ro- 
tating part  and  the  stator  or  stationary  part.   The  three  factors  necessary*to  produce 
a  voltage  mechanically  are  conductors,  magnetic  field  and  relative  motion.    In  most  ac 
generators  the  conductors  are  wound  in  the  stator  while  the  rotor  provides  the  rotating 
magnetic  field.    Figure  39  shows  a  basic  ac  generator.  * 
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Figure  39.    Basic  AC  Generator 


^s  yie  magnetic  poles \xe  turned  past  the  conductors  a  voltage  of  varying  amplitude 
4|femounk) j  and  "direction  is  generated.    Figures  40,  a,  b,  c,      e,  f,  g,  h,  and  i  will 
show  how  this  is  accomplished.  f  k -  i 

As  you  can  see  each  POLE  (north  or  south)  of  the  rotor  produced  a  voltage  equal 
in  amount*  but  different  in  direction.   Because  these  vp  It  ages  periodically*  change  in 
direction**  the  current  flow  will  periodically  change  in  direction  with  the  voltage. 
THREE-PHASE  VOLTAGE.   By  increasing  the  number  of  separate  coils 
/you  can  increase  the^number1  of  voltstges  that  you  generate^*  These 
separata  andf independent  from  e^ch  other.    Figure  41*will*show  tf?e  Mechanical  and 
Electrical  arrangement  of  the  coils-.  ,  • 
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Figure  40.    Generation  of  One  Cycle  of  AC  Voltage  ^ 


^Figure  41,  the  three  coils  or  phases 
are  separated  by  120  Mechanical  Degrees. 
It^would  be  impossible  for  tjie  north  pole  4 
at  the.n^gnet  to  pass  two  of  these  coils 
equally  at  !£e.  same  tin^e.  Since  a  volt- 
age is  generated  when  the  north  or 
south  pole  of  a  magnet  passes  a  coil 
of  wire  and  the  phases  are  separated 
by  120  mechanical  degrees  the  voltages 
will  be  120  electrical  degrees  apart. 
To  identify  these  different  voltages  • 
you  identify  the  "different  phases  by 
letter.        «'  .  <  \, 


Figure  41.   Three  Coll  (Phase)  Stator 
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Figure  42.  One  Alternation  (1/2  cycle)  Three -Phase  Voltage 


•  Figured  shows  the  rotoj  making 
one-half  revolution.  If  you  continue  the 
rotor  in  the  same  direction  uhtil  it  has 
,  made'one  fullre%lutk>n  you  have  com- 
pleted two  alternations  or  one  cycle. 
Take  all  three  si^e  waves  from  figure 
42  and  plot  them  on  one  picture.  You 
can  sete  what  the  voltage  looks  like  as 
to  time   amount  and  direction  at  any 
point.    Figure- 43  shows  this  sine  wav6. 
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Three -Phase  Connections 


Figure  43.  Three -Phase  (3  0)Sine  Wave- 


The  two  types  of  connections'  used  are  wye  and  delta.  They  are  special  connections 
connSlons     t0  thre6'phase  p™?r  and  eq^ipment-.-Tqgure  fallows  these  two 


I  2 


Figure  44.    Three -Phase  Connections 


FLUX 


VOLTAGE 
OR  CURRENT 


MOTION 


DIRECTS  :. 
OF  MAGNETIC  J 
FIELD  ^ 


MOTION 


w  .  GENERATOR  L.EFT-HAND  n 

GENERATOR  LEFT-HAND  RULE         RULE  APPLIED  '  • 

Figure  45.  Illustration  of  Left -Hand  Generator  Rule 
*    Generator  Left -Hand  Rule  •  .  4 

In  the  generation  of  voltage  there  are  many  instances  when  you  need  to  know  the 
directioncurrent  flow  is  established.    To  determine  the  direction  of  current  flow  you 
use  the  generator  left-hand  rule.       *  -  ' 
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The„  generator  left-hand  rule  states:  "PLACE  TOE  THUMB,  FIRST  AND  MIDDLE 
FINGERS  OF  THE-LEFT  HAND  ALL  AT  RIGHT  ANGLES  TO  EACH  OTHER.     THE  '■' 
FIRST' FINGER  SHOULD  POINT  IN  THE  DIRECTION  OF  THE  MAGNETIC  FIELD 
(NORTH  TO  SOUTH  OUTSIDE  MAGNETS).   THE  THUMB  .SHOULD  POINT  IN  THE 

•  DIRECTION  OF  THE  MOTION  OF  THE  CONDUCTOR.  '  THE  MIDDLE  FLNGE^R  WILL 
THEN  POINT  IN  THE  DIRECTION  THAT  THE  ELECTRONS  WILL  MOVE  IN  THE 
CONDUCTOR."  (See  figure  45.)        "  ;  * 

Terms  **       *  . 

<  LINES  OF  FORCE.   The  invisible  lines  surrounding  a  magnet  of  any  type. 
PERMEABILITY.   The  ability  to  conduct  lines  of  force. 

*  *     .  ■  ' 

.  SATURATION.   Completely  fille^  as  an  iron  core  that  will  told  no  more  lines 
of  force. 

m  * 

FLUX  DENSITY.    Number  of  magnetic  lines  of  force  passing  thrQugh  a  given  area 

LODESTONE  OR  MAGNETITE.   Mineral  consisting  chiefly  of  a  magnetic  ox.icte  of 
iron  that  is  found  in  its  natural  state  in  magnetized  condition.  <  %  " 

t  MAGNETIC  FIELD.   Region  In  which  the  magnetic  "Yorce  created  by  a  permanent 

magnet  or  by  a  current  carrying  qonductor  or  coil  can  be  detected. 

RELUCTANCE. '  Opposition  that  a  substance  offers  to  magnetic  lines  of  force.-  * ' 

RESIDUAL  MAGNETISM.   Magnetism  remaining  in  a  substance  after  removal  of  4 
the  magnetizing  force.  \  *  - 


RETENTIVITt.   Ability  of  a  material  to'retain'its  magnetism.  f  ' 

DENSITY.   Ratid  of  the  mass  of  a  substance  to  the  volume  of  the  specimen  • 

ELECTROMAGNETISM.   Magnetism  developed  by  a  current  of  electricity/  ., 

FLUX.   Term  used  to  designate  collectively  all  the  electric  or  magnetic  lines  of 
•  force  \  k. 

MAXIMUM  OR  PEAK.    The  term  maximum  has  already  been  used  in  the  discussion 
of  the  simple 'alternator.    The  maximum  value  of  an  alternating  voltage  was  indicated  % 
as  being  the  highest  voltage  that  was  reached  on  the  positive  or  negative  alternation.4  A 
similar  teym  used  to  express  this  value  is  peak.   The  peak  value  is  the  highest  vaiue' 
of  yoltage  or  current  reached  during  either  the  positive  o*r  negative  alternation.  ,  • 

INST  ANT  A>fEOUS.   T^e  instantaneous  value  of  voltage  or  current  is  the  value  of  ' 
voltage-or  current  at  one" particular  instanti   This  value  may  be  zero  if  the  selected 
instanj  is  the  time  during  which  the  polarity  of  the  yoltage  1)5  changing.   It  may  also  be 
the  same  as  the  peak  value  if  the  selected  instant  is  the  time\hat  the  voltage  gr  current 
stops  increasing  and  starts  decreasing.    There  may  be  any  number  of  instantaneou^  . 
valuer  between  zero  and  the  peak  value.  - 


0 


.  to- 


/  ^AVEftAGE.   The  average  value  lstte  average  of  ill  the  instantaneous  values  during 
ojie  alternation.   Since  the  voltage  ihqreases  from  zero  to  peakimd  decrees  back* to 
z^Tro  during  one  alternation,  the  average  .value,  must  be  some  <ralue  between  two„lim?ts. 

*  ■«  o      -  ^  •  *  '  :  v  • 

PHASE.   One  electrical  power  unit  (Voltage  and'Current)  reduced  to  avgrlphics 
illustration.  t.      *  . 


* 


and 


P|IASE  RELATIONSHIP.  The  mathematical  degree  of  difference  between  a  voltage  #  ^ 
its  current.  •  v 


Figures  46  aiyi  47  shows  a  A/C  ^me  wave. 
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—  maximum  oft  peak,  mux  effective; 

«         —  EFFECTIVE    707  X  PEAK) 
— AVERAGE    636  X  PEAK! 
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BASIC  MBuLS 


C*>ii  ^r  W 


.   ^       ^  Sna.  Single  p0ie.  Single 

Tnrot*. 


»       Swittn,#^«  Pole  Single 
Throw 


J       SwitcO  6m?le  Pole. 
•**     ,     Doubk  Throw 

*  \     Sv-  ;:cf*.  J  -  Pole.  Double 
hro« 


 ^~"7<L^_    Circuit  Breaker 


\  i 


Contact.  Normally  Open 


"p£  Conucl.  Normally  Closed 


Commute  lor  or  Armature 
Conductor*  Jo\ned 


Conauctors  nol  ,'oined 


~2  jz  Trinstorr.. 


er.  General 


^    ^  Transio^-nie  r ,  Iron^Core 
Cap^feior 
— *Actuiung  Device.  Thermal 


SUMMARY         '  • 
*  y 

Metals  that  possess  the  property  of  attracting  magnetic  substances  are  caHed  mag 
nets,  arid  -those  substances  that  are  attracted  by  a  magnet  are  known  as  magnetic  sub- 
stances.  £  < 

The  b£sic  idea  of  the  theory  of  magnetism  is  that  every  molecule  of  a  magnetic 
substance  is  a  tiny  piagnefwith  a  north  and  south  pole.   When  the  molecules  of  a  mag- 
netic substance  are  arranged  in  an  irregular  arrangement,  the  substance  is  nbt  mag- 
netized.  Wh^n  the  molecules  line  up  so  that  their  north  poles  point  in  one  direction 
and  their  south  poles  point  in  the  other  direction,  then  the  substance  is  magnetized." 

Some  materials  are  capable  of  being,  more  strongly  magnetized  than  others.  The 
terms  ased  to  describe  tlysse  qualities  of  a  material  are  permeabili^fxTrelu^tance. 

Permeability  is  the  £ase  with  which  magnetic  lines  of  force  may  be  conducted  or 
carried  in  a  substance.  Reluctance  is  the  opposition  that  a\ substance  offers  to  mag- 
netic lines  of  forc£.  .  \ 
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*  „nn6A  Tfr  m^net  ls^siTply  a  piece  °-f  maenet^.  a^ina  oi  iron  ore  called  lode- 
stone.    Artificial  magnets 'are  man-made  magnets.    -  e 

Magnets  that  lose  their  magnetism  soon  after  they  are  removed  from  a  magnetic 
field  are  calfod  temporary  magnets.  Magnets  that  keep  their  magnetism  for  a  S 
period  after  being  removed  from'a  magnetic  field  are  called  permanent  magnets  Mae 
magn?tismmaininS     *  ^         ^  ™*«****™  i«  -moved  is  SK VesiduS 

f  / 

Like  po^s  of  two  magnets  repel-unlike  poles  of  two  magnets  attract  each  othei  , 

Magnetism  caused  by  current  flow  in  a  conductor  is  known  as  electromagnetism 
The  magnetic  field  around  a  single  conductor  is  of  little  use  since  it  is  normaTlv  too  " 
weak  to  exercise  much  attraction.'  Even  though  they  may  be'  weak,  they  have  a  define 
direction  known  as  the  left-hand  rulp.  Jf  you  form  the  conductor  in  a  number  of  loops 

T°he  nnT;  ,r  ^K-.C°nCf        "?  Str6ngth  °<  the  ma^netic  field  and  create  polarity  '  • 
The  polarity  of  this  coiLcan  be -determined  also  by-  the  left-hand  rule.  poiar1^- 

thP  J!?  11"^  °f  a"  eleCtromagnet  fs  ^termined  by  the  number  of  turns  in  the  coi> 
the  amount  of  current  flow,  and  the  kind  of  material  used  for  the  core. 

If  a  conductor,  is -moved  across  amagnl*rc7ielarrf  will  cause  the  free  electrons  to 
move  toward  one  end  of  the  conductor,   This  leaves  one  end  of  the  conductor  *th a  eta - 
hciency  of  electrons  while  the  other  has  an  excess  of  electrons.   To  determin?  he 
?S    r  0f,curfen^fl0W  in  a  conductor  using*  the  generator  left-hand  rule,  place  the 
S?  fin?.     andrm*dlVingerS  of  the  left  hand  at  right  angles  to  each  o her £th  the 
first  finger  pointing  in  the  direction  of  the  magnetic  field    The  thumb  indicate?  he 

?h?eClectnro°  smmov°en  In"  [hi  ^TT'   ^  ^  ,ingBr  P°ints  in  the  a 
cne  electrons  move  in  the  conductor. 

.     Generators  work  on  the  principled  electromagnetic  induction    Thev  are  used  to 
produce  or  generate  voltage  and  are  normally  single  or  polyphase  in  constriction 


QUESTIONS  >  ,  ' 

What  direction  do  the  lines  of  force  travel  outside  a  bar  magnet? 

mlZZJll*.  ^U"d  m3gnetism  called  that  remains  in  a  piece  of  iron  after  the  , 
magnetizing  force  is  removed?  " 

Why  is  iron  better  than  air  for  magnetic; lines  of  for.ee  to  pass  through? 

"of'^r when  the  south  pke  ^  °ne  ma6rat     ™ «- 

What  does  the  term  retentivity  mean  as  it  refers  to  magnetism  : 
6.     What  surrounds  a  current-carrying  conductor  at  all  times? 

<7.     What  are  the  three  main  factor's  that  determine  the  strength  of  an  electromagnet? 


5. 
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8.  What  is  a  magnetic  material? 

9.  What  is  the  term  for  opposition  to  magnetic  lines  of  foice? 


10. 


What  term  is  used  to  express  the  relative  ease  with  which  lines  of  rce  travel 
within  a  "material?  „ 


11.  Name  three  devices  which  make  use  of  electromagnetism, 

12.  Why  does  heating  a  magnet  weaken  it? 


13. 


Why  are  two  parallel  conductors  carrying  current  in  the  same  dii  tion  attracted 
to  each  other? 


14.     What  is  the  purpose  of  a  keeper? 
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Section  no.  3,  reactance  induct ance      -  , 

Inductance  is  the  property  of  an  electric  circuit  that  opposes 
any  change  in  the  current  through  that  circuit.     That  is,   if  the 
current  increases,   a  self-induced  voltage  opposes  this  change*  and 
delays,  the  increase.  *  »lf  current  decreases;  .a  self-induced  voltage 
tends  to  aid,  or  prolong*  the  current  flow;  and  delays  the  decrease. 
Thus,  the  rnost  noticeable  Affect  of  inductance  in  a  circuit  is  that 
current  can  neither  increase  not  decrease  as  fast  in  an  inductive 
circuit  as  it  can  in  a  noninductive  circuit. 

Counte'r  EMF  '  *  * 

Current  in  a  conductor  always  produces  a  magnetic,  field 
surrounding  the.  conductor.     When  the  current  changes,  the  magnetic 
field  also  changes,'   and  EMF  is  induced  in  the  conductor.     As  the 
field  strenth  increases,  the  lines 'of  force,  increase  in  number 
land'  expand  outward  from  the  center  of  the  conductor.     The  lines  of 
force  cut  across  the  conductor  and  induce  a  voltage  irx  such  a 
polarity  as  to  oppose  the  increase  in  current..    When  the  field 
^treng^i  decreases,  the  lines  of  force  contract  toward  the  center 
Of  the  conductor  and  induce  a  voltage  in  such  a  polarity  as  to' oppose 
the  decrease'  in  current.     It  is  actually  this  expansion  and  contraction 
of-  the  magnetic  field  as  the  current  varies  which  causes  an  induced 
EMF ,  and  the  effect'is  known  as  "inductance. "  fc  The  induced  EMF  is  always 
In  a  polarity  to  oppose'  the  effect  that  produced  it  and  is  called 


Factors  Which  Affect  Inductance  •  , 

-    ^he  factors  which  affect  the  inductance  of  a'  coil  are  shown  in  figure  4?4 
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Figure  47.    Physical  Construction- Affects  Inductance 

Unit  of  Measure 

The  basic  unit  of  measure  for  inductance  is  the  henry.  A  coil  has  an  inductance  of 
one  henry  if  a  current  change  of  one  ampere  per  second  causes  an  induced  EMF  of  one 
volt.    For  quantities  of  inductance  smaller  tfiag  one  henry,  the  millihenry  and  micro- 
henry are  used.  A  unit  larger  than  the  henry  is  not  normally  used  since  inductance 
normally  is  of  a  value  which  can  be  expressed  in  henries  or  p^rt  of  a  henry  The 
symbol  for  inductance  is  the  tetter  (L).  " 

♦  Inductive  Reactance  (XL)       (  < 

Inductive  reactance  is  the  opposition  to  current  flow  offered  by 'the  inductance  of  a 
circuit.   Its  symbol  is  XL,  with  the  X  representing  zfcactance  and  L  representing  in- 
ductance.  Inductive  reactance  is  measured  in  ohms. 

PHASE  RELATIONSHIP.  Inductive  reactance  riot  only  limits  the  current  flowing^ 
in-an  ac  circuit  but  also  tends  to  retard  the  building-up  and  falling -off  of  current. 

RESISTANCE .   If  an  ac  circuit  has  only  resistance,  the  current  rises  and  falls 
at  approximately  the  same  time  as  the  voltage  and  the  two  waves  are  said  to  be  in 
phase  with  each  other  (figure  48).  ,  '  * 
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•  VOUAGC  ACROSS  «f  SlSTAftCf 
.  CUftftCNf  fHftOUflM  ACSISTANCC 


PURE  RESISTIVE  CIRCUIT 


Figure  48.   Voltage  and  Current  In-Phase 


INDUCTANCE.    If  an  ac  circuit  has  only  pure  inductance,  the  current  is  delayed 
in  building-up  and  falling-off  and  lags  behind  voltage  approximately  90°  as  shown  in 
figure  49. 


.  VOLTAOC  *C*0$J  INOUCTANCC 

I  ^CV»»CNT  THWOOOM  JHOUCTANCt 


PURE  INDUCTIVE  CIRCUIT 


Figure  49.   Current  Lagging  Voltage 


INDUCTANCE  AND  RESISTANCE.  In  a 
circuit  containing  both  inductive  react- 
ance and  resistance,  the  alternating  cur- 
rent Sine  wave  will  lag  the  voltage  sine 
wave  by  less  than  90  degrees  (figure  50), 
The  exact  amouitf  of  lag  depends  on  the 
ratio  of  circuit  resistance  to  circuit  in- 
ductance.  The  greater  the  resistance 
compared  to  the  inductance,  the  nearer  * 
the  two  waves  are  to  being  "in  phase," 
and  the  lower  the  resistance  compared 
to  the  inductance,  the  nearer  the  sine 
waves  are  to  being  a  full  90  degrees 
"out  of  phase." 4 


Figure  50.  Current  Lagging  Voltage 
by  90  Degrees  • 
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PHASE  ANGLE,   Wljen  stated  in  degrees  the  current  lag  is  called  the  "phase  angl 
If  the  phase  angle  between  the  voltage  and  the  current  is  45  degrees  lagging  it  means 
that  the  current  wave  is  lagging  the  voltage  sine  wave  by  45  degrees.  Since 'this  is 
halfway  between  zero  degrees  (the  phase  angle  for  a  resistive  circuit)  and  90  degrees 
(the  phase  angle  for  an  inductive  circuit),  the  resistance  and  the  inductive  reactance 
must  be  equal,  with  each  having  an  equal  effect  on  the  current  flow  (figure  57). 

The  inductive  reactance  must  be  added  to  the  resistance,  in  such  a  manner  as  to 
take  into  account  the  phase  angle  between  the  voltage  drop  across  the  resistance  and 
the  voltage  drop  across  the  inductance  to  determine  the  total  opposition  to  current 
flow.   This  opposition  is  called  impedance. 


4EOUAL  RESISTANCE  ANO  INOUCTIVE 
REACTANCE  —  PHASE  ANGLE  IS  45° 


AC  VOLTAGE 
SOURCE 


Figure  51.   Phase  Angle 


CAPACITANCE  (C) 


Capacitance  is  the  property  of-an 
electric  circuit  that  opposes  any  change 
in  the  voltage  of  that  circuit  (figure  52). 
That  is,  if  the  applied  voltage  increases,  + 
capacitance  opposes  the  change  and  de- 
lays the  voltage  increase  across  the  cir- 
cuit.   If  the  applied  voltage  decreases, 
capacitance  tends  to  maintain  the  higher 
original  voltage  across  the  circuit,  ,  thus 
delaying  the  voltage  decrease  across 
the  circuit.    Consequently,  the  most 
noticeable  effect  of  capacitance  in  an 
electric  circuit  is  that  voltage  can' 
neither  increase  nor  decrease  as  fast  + 
in  a  capacitive  circuit  as  it  can  in  a 
noncapacitive  circuit. 


CAPACITANCE  OPPOSES  ANY  CHANGE. 
IN  CIRCUIT  VOLTAGfe 

— ^jfs^ 

Ay 

WHEN  THE  VOLTAGE 
INCREASES  CAPACITANCE. 
TRIES  TO  HOLO  IT  OOWN 

WHEN  THE  VOLTAGE 
OECREASES  CAPACITANCE 
TRIES  TO  HOLO  IT  UP 
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Ay 
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Figure  52.  Capacitance 
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Capacitor 

Electrical  devices  which  are  used 
to  add  capacitance  to  a  circuit  are  called 
"capacitors. "  Another  term  sometimes 
used  instead  of  capacitor  is  "condenser, " 
The  words  "capacitor"  and  "condenser" 
are  sometimes  used  interchangeably 
because  they  mean  the  same  thing. 


PLATE 


■  PLATE 


CONOUCTOP 


OlELECTPiC 


Figure  53.   Basic  Capacitor 


Basically,  capacitors  consist  of 
two  metal  plates  separated  by  an  in- 
sulating'mate  rial  called  .the  "dielec- 
tric" (figure  53).   While  early  con- 
densers were  made  with  solid  metal 
plates,  newer  types  of  capacitors  use 
metal  foil,  particularly  aluminum  foil,  . 
for  the  plates.    Dielectric  materials  commonly  used  include  air,  mica  and  waxed  paper. 

Storage  Action 

Capacitance  exists  in  an  electric 
circuit  because  a  capacitor  is  afcle  to 
store  electric  charges  (figure  54). 
Consider  two  flat  metal  plates  placed 
parallel  to  each  other,  but  not  touch- 
ing. These  plates  can  be  given  either 
a  negative  charge  or  a  positive  charge.  * 
If  charged  negatively,  a  plate  will  have 
an  excess  of  electrons,  but  if  charged 
positively  it  will  have  too  few  electrons. 

Figure  54-   Storage  Action 


POSITIVELY 
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I  NEGATIVELY  / 
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Factors  Which*Effect  Capacitance 

Three  basic  factors  which  influence  the  capacity  of  a  capacitor  are  the  area  of  the 
plates,  the  distance  between  the  platen  (thickness  of  the  dielectric),  and  the  material  / 
used  for  the  dielectric.  % 
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PLATE  AREA.   Plate  area  is  a 
very  important  factor  in  determining 
the  amount  of  capacitance,  since  the 
%  capacitance  varies  directly  with  the 
area  of  the  plates.  A  large  plate 
area  has  room  for  more  excess 
electrons  than  a  small  area,  and 
thus  it  can  hold  a  greater  charge. 
Similarly,  the  large  plate  area  has 
more  electrons  to  give  up  and  will 
hold  a  much  larger  positive  charge 
than  a  small  plate  area.   Thus  an 
increase  in  plate  area  increases 
capacitance,  artd  a  decrease  in 
plate  area  decreases  capacitance 
(figure  55). 


THE  OISTAHCE  BETWEEN  TWO  CHARGES 
DETERMINES  THEIR  EFFECT  ON  ONE  ANOTHER 
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Figure  55.  Plate  Area 
-  Affects  Capacitance, 


DISTANCE  BETWEEN  THE  PLATES. 
The  effect  two  charged  bodies  have  on 
each  other  depends  on  the  distance  be- 
tween the  two.  Since-  the  action  of  ca- 
pacitance depends  on^the  two  plates  and 
the  difference  in  their  charges,  the 
amount  of  capacitance  changes-when  the 
distance  between  the  'plate  5  changes., r 
The  capacitance,between  two  plates  In- 
creases as  the  plates  are  brought  closer 
together  and  decreases  as  the  piates  . 
are  moved  apart  ('figure  56). 


to.  OO 


Figure  56.    Distance*  Between  the 
Plates  Affects  Capacitance 
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DIELECTRIC  MATERIAL  (INSULATOR). 
The  material  between  the  two  plates  of  a 
capacitor  is  called  a  dielectric .   The  ma- 
terial can  be  either  air,  liquid  or  a  solid* 
If  there  is  nothing  between  the  plates  but 
air -the  capacitor  has  an  air  dielectric; 
if  it  is  mica,  it  has  a  mica  dielectric; 
and  if  it  is. ceramic  it  has  a  ceramic 
dielectric*    The  type  of  dielectric  de- 
termines the  capacity  of  a  capacitor. 
As  a  matter  of  fact,  if  you  slide  a  piece 
of  mica  as  shown  in  figure57  between 
the  places  of  a  capacitor  so  the  mica 
fills  up  the  space,  you  will  find  the  ca- 
pacity increases  somewhere  between' 
6  and  8  times. 
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OIELECTRICAL  MATERIAL 
IS  AIR 


OIELECTRICAL  MATERIAL 
IS  MICA 


Figure  57.  Dielectric  Material 
Affects  Capacitance 


Unit  of  Measure 

The  action  of  a  capacitor  in  a  circuity  is  to  store  a  charge.   This  charge  varies  with 
the  voltage  across  the  capacitor,  increasing  if  the  voltage  rises,  and  discharging  if  the 
voltage  falls.   The  basic  unit  of  capacitance  is  the  farad.    This  is  a  measure  of  how 
much  of  a  charge  a  capacitor  can  store.   The. storage  capacity  of  a  capacitor  rated  at 
one  farad  is  much  loo  gre.at  to  use  impractical  electrical  circuits.   Because  of  this, 
the  units  normally  used  are  the' microfarad  (equal  to  one -millionth  of  a  farad)  and  the 
micro  microfarad  (equal  to  one -millionth -millionth  of  a  farad).  Since  electrical  formu- 
las use  capacitance  stated  in  farads,  it  is  necessary  to  change  the  various  units  to  the 
base  unit. 


MICROFARADS  TO  FARADS.  Move  the  decimal  point  6  places  to  the  left, 
ample,  120  microfarads  equals  0.000120  farads. 


Ex- 


M IC ROM ICRO FARADS  TO  FARADS.  Move  the  decimal  poipt  12  places  to  the  left. 
EJxample,  1500  micromicrofarads  equals  0.  000000001500  farad. 
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To  see  how  capacitance  affects  the  voltage  in  a  circuit  assume  a  rimit  „    >  • 
a  two-plate  capacitor,  a  knife  switch  and  a  dry  cell  (figure  58)        I  ' :  °°nU-nS 
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Figure  58.    Charging  a  Capacitor 
When  the  switch  is  closed,  the  battery  furnishes  electrons  to  the  plate  connected  to 

LT^r?  a^eS  'I' Ctr°nS  ^  fr°m  the  Plate  COnnected  t0  theTosihvi 
terminal     The  voltage  between  the  two  plates  should  equal  the  voltage  between  the 

battery  termijals    However,  this  does  not  occur  instantly -because  Te  plaT must loSe' 

2S?pH  ; !h         ?  bef°me  P°SitiVely  Charged'-   AS  electrons  move  °nt°  ^e  Sate  £ 

L  mnv^/rf    6  teraInal  °f  the  CeU'  a  ih^e  is  built  UP  whigh  opposes 

he  movement  of  more  electrons  onto  the  plate.   In  the  sajne  manner,  as  electrons  are 
taken  away  from  the  plate  attached  to  the  positive  terminal,  a  positive  charge  is 
up  which  opposes  the  removal  of  more  electrons  from  that  plat?   This  action  on  the 
two  plates  1S  called  "capacitance"  and.it  opposes  the  change"  in  voltage    It  delays  ' 
increase  in  voyage  for  a  limited  time  but  it  does  not  prevent  the  change: 

fw  aW?lnihe  SwCh  iS  °Pened'.the  Plates  remain  charged,  since  there  is  no  path  be- 
tween the  two  plates  through  whioh  they  can  discharge  (figure  59).'  As  long  as  no  dis-  - 
charge  path  i?  provided   the  voltage  between  the"  plates  win  remain  equaTfo  that  of  he  - 
battery  and,  if  the  switch  is  again  closed,  there  will  be  no  effect  on  the  circuit  since 
the  capacitor  is  already  charged.  In  other  words,  a  capacitor  will  block  the  flow  of 
direct  current  after  it  is  fully  charged.  ■ 
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Figure  59.   Fully  Charged  Capacitor 
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Figure  60.   Shorting  a  Capacitor 
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CAPACITOR  SHORTED.  As  previously  stated,  a  charged  capacitor  willhold  its 
charge  when  the  circuit  switch  is  opened  (figure  60).  If  the  capacitor  terminals  are 
shorted,  the  capacitor  discharges  causing  a  strong  arc'  Current  flow  during  dis- 
charged the  capacitor  is  in  the  opposite  direction  as  it  was  during  the  ctfargine  of 
the  capacitor.  '  . 

Capacitance  in  AC  Circuits.   In  an  ac  circuit  the  amount  of  current  flowing  in  the 
circuit  will  depend  upon -the  applied  voltage  and  the  capacity  of  the  capacitor.  Elec- 
trons will  flow  back  and  forth  in  the.circjait  because  of  the  alternating  current  flow 
They  will  flow  first  into  one  side  of  the  capacitor  and  force  electrons  out  of  the -other 
side  on  which  they  build  up  a  surplus  and  into  the  side  on  which  there  was  a  shortage  - 
Notice  the  electrons  do  not  flow  through  the  capacitor.   Remember  the  plates  of  the 
capacitor  are  separated  by  a  dielectric  and  the  dielectric  is  a  nonconducting  material 
However  because  the  capacitor  can  store  a  charge,  there  is  an  effect  of  current  flowing 
in  the  circuit.  * 


Capacitive  Reactance  (Xc)  ' 

The  capacitor  does  not  allow  electrons  to  move  back  and  forth  without  offering 
opposition  and  the  opposition  is  called  capacitive  reactance. 


ana 


The  opposition  is  measured  in  ohms,  just  as  the  inductive  reactance  of  a  coil  is 
measured  in  ohms.    However,  there  is  a  difference  between  inductive  reactance  ai 
capacitive  reactance.   This  is  because  the  voltage  leads  the  current  in  an  inductile 
circuit  and  lags  the  current  in  a  capacitive  circuit  as -shown  in  figure  61.  This 
means  that  the  capacitor  acts  opposite  to  the  coil. 


.  Figure  61.    Current  Leading  the  Voltage  s  a  Capacitive  Circuit 
Impedance       •  J 

After  studying  the  effects  of  coils  and  capacitors  it  must  be  apparent  that  in  alter- 
nating current  circuits  there  are  several  different  types  of  opposition  to  current  flow 
This  is  true,  since  there  are  actually  three  forms  of  opposition.   These  are  inductive 
reactance  caused  by  the  use  of  coils;  capacitive  reactance  caused  by  the  use  of  ca- 
pacitors; and  resistance   caused  by  resistive  units  such  as  heating  elements,'  lighting 
straight  wires,  etc.    It  must  be  understood  that  while  a  coil  offers  opposition  in  the  ' 


form  of  inductive  reactance,  it  also  offers  resistance,  due  to  the  resistance  of  the  wire 
used  in  making  the  coil.   Therefore,,  the  total  opposition  to  current  flow  in  an  alternatir 
current  circuit  is  a  combination  of  the  opposition  offered  by  inductive  reactance  (Xi  ), 
c'apacitive  reactance  (Xn),  and  resistance  R  or  r.     This  total  opposition  is  known  as' 
impedance.   The  symbol  for  impedance  is  Z,  and  is  always  measured  in  ohms.   It  is 
not  possible  to  just  add  the  resistance  and  the  reactance  and  arrive  at  the  impedance 
The  reason  for  this  is  as  mentioned  previously,  the  difference  in  the  phase  relation- 
ship.  In  the  resistive  part  of  the  circuit  we  would  have  the  current  and  voltage  in  phase 
while  in  the  reactive  portion  they  would  be  olit  of  phase.  For  this  reason  formulas  must 


be  used  to  find  the  circuit  values. 
SUMMARY 


Inductance  is  that  property  of  a  circuit  which  "opposes  any  change  in  the  rate  of 
current  flow.   The  symbol  for  inductance  is  L.  and  the  basic  unit  of  measurement  is 
the  henry. 

A  coil -is  said  to  have  an  inductance  of  one  henry  when  a  change  in  current  of  one 
ampere  per  second  causes  an  induced  back  EMF  of  one  volt. 

The  factors  that  affect  the  amount  of  inductance  of  a  coil  of  wire  are  the  number 
of'turns,  the  type  of  core,  the  spacing  and  method  used  in  winding  the  coil,  the  diam- 
eter of  the  coil,  and  the  ratio  of  the  diameter  to  the  length. 

When  the  magnetic  field  of  an  inductor  induces  aback  EMF  in  the  inductor  itself, 
it  is  said  to  possess  self -inductance.  s» 

The  current  lags  the  voltage  in  an  inductive  circuit.    The  opposition  of  an  inductor 
to  the  flow  of.  alternating  current  is  called  inductive  reactance.   Since  the  symbol  for 
reactance  is  X,  the  symbol  for  inductance  is  L.  the  symbol  for  inductive  reactance  is 
and  is  measured  in  OHMS. 

The  capacity  for  storing  energy  in  an  electric  field  is  called  capacitance.  The 
amount  for  capacitance  of  a  capacitor  depends  upon  the  plate  area,  distance  between 
plates,ind  the  type  of  dielectric  material  used  in  a  particular  capacitor.   The  symbol 
for  capacitance  is  C,  and  the  basic  unit  of  measurement  is  the  FARAD.  ' 

The  opposition  of  a  capafcitor  to  alternating  current  is  called  capacitive  reactance. 
The  current  leads  the  voltage  in  a  capacitive  circuit.   In  ac  circuits-the  opposition  to 
cunfent  flow  is  called  impedance.  If  a  resistor  is  t^e  only  component  in  an  ac  circuit, 
the  impedance  and  the  resistance  of  the  circuit  are  the  same.   The  impedance  of  an 
ac  circuit  may  also  be  due. to  inductors  or  capaeitors,  or  a  combination  of  inductors, 
capacitors,  and  resistors.    Impedance  is  measured  in  OHMS  and  its  symbol  is  Z.  It 
is  the  total  opposition  of  the  circuit.  ■ 
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QUESTIONS 

.  1.     The  property  of  an  electric  circuit  which  tends  to  prevent  a  change  in  current  is  "  * 
called 


2.  The  letter  symbol  for  inductance  is 

3.  Inductance  is  measured  in 


4.  A  coil  used  to  add  inductance- into  an  ac  circuit^called  an 

5.  The  opposition  to  current  flow  caused  by  inductance  is  called 


«.     Capacitance  is  that  property  of  an-electric  circuit  that  opposes  any  change  in 


7.     The  letter  symbol  for  capacitance  is 


8.     Electrical  devices  which  are  used  to  add  capacitance  to  an  electric  circuit 


called         .   or  / 


are 


9.     Capacitance  is  measured  in 


10.     Three  factors  which  affect  the  value  of  a  capacitor  are: 
 "  -O  . 

*  b. 


c. 


11.  The  total  opposition  to  current  flow  is  called 

12.  The  letter  symbol  for  impedance  is 
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METERS 

OBJECTIVES  j  ' 

The  objective  of  this  study  guide  is  to'teach  you  the  operation  and  use  of  electrical 
meters  used  lh  your  career  field. 

INTRODUCTION 

Meters  are  used  in  maintaining,  troubleshooting,  and  repairing  electrical  equip- 
ment.  You  will  find J^at- the  proper  operation  of  electrical  devices  requires  that  vou 
properly  interpret  meter  readings.   The  best  and  most  expensive  measuring  instru- 
ment is  of  no  use  to  the  man  who  does  not  know"  what  he  is  measuring  or  what  the 
readings  indicate.   You  must  remember  that  the  function  of  a  meter  is  to  measure 
quantities    When  a  meter  is  inserted  into  a  circuit,  it  should  not  change  the  value  of 
the  circuit.    This  requirement  is  not  easily  achieved  because  most'meters  require 
current  for  their  operation  and  this  current  must  come  from  the  circuit  beine  . 
measured.  .  "  *  ' 

All  meters  are  either  self -excited  or  externally-excited.   Self -excited  meters 
have  their  own  source  of  power.   Externally-excited  meters  get  their  power  to  operate 
from  the  circuit  they  are  used  in.   Meters  also  can  be  classified  as  indicating  or  re  - 
cording.  If  they  give  an  instant  reading  and  do  not  leave  a  record,  they  are  indicatine 
type  meters.  * 

i 

oQ-,/TTIn  °fider  t0  t6aCh  y°u;how  t0  measure  current,  resistance  and  voltage  the  TS- 
297/U  multimeter,  the  AN/PSM-1  and  AN/PSM-2  and  clamp-ammeter  a7e  used  ex- 
clusively throughout  this  study  guide. 
:  ♦ 

INFORMATION 

THE  MULTIMETER  TS-297/U 

The  multimeter  (TS?297/U),  is  a  multirange,  alternating- current  (ac)  and  dhect 
current  (dc)  volt  ohmmeter.  This  meter  may  be  used  for  measuring  voltage  current 
ar  resistance  within  the  ranges  of  the  meter.   The  TS-297/U  multimeter  is  shown  m 
ngure  b^. 


83 


Using  the  Multimeter  TS  297/U 

* 

Figure  63  shows  a  multimeter. 
On  the  fac§  of  this  meter  you  will  see 
twa  knobs.   One  is  the  zero  adjust  knob 
for  the  dhnjmeter  scale,  while  the  other 
is  called  the  selector  switch.   By  using 
this  switch  you  may  make  this  meter 
into  an  ohmmeter,  ac  -  voltmeter,  dc  - 
voltmeter,  and  dc  -  milliammeter. 
This  meter  will  not* read  above  400 
milliamperesor  .4  ampere,  6ut  ft  will 
read  up  to  1000  volts. 

Two  test  lead  probes  are  used 
with  this  meter  when  taking  measure- 
ments: The  black  test  probe  always 
goes  in  the  jack  located  at  the  upper  | 
right-hand  corner.   This  is  cabled  the 
common  jack.    The  position  of  the  1 
red  test  probe  will  depend  on  what  you 
want  to  measure.   If  you  are  measur- 
ing voltage,  pfttce  selector  switch  in 
correct  position  and  the  red  test  probe 
in  one  of  the  jacks  on  the  left  side  of 
the  meter.   If  the  voltage  you  are 
measuring  is  unknown,  use  the  1000- 
volt' jack.   Once  you  find  the  voltage, 
change  to  the  jack  to  just  above  that 

•  voltage  for  greater  accuracy.  If  you 
want  to  read  milliamperes,  place  se- 
lector switch  in  correct  position  and 
place'the  red  test  probe  in  the  jacks 
on  the  right-   If  you  need  to  check  con- 
tinuity or  measure  resistance,  place 
the  test  probe  (red)  in  one  of  the  jacks 

in  the  manner  described  previously.   When  you  finish  with  this  meter  always  turn  the 
selector  switch  on  the  ac  or  dc  voltage  positions.    Since  the  ohmmeter.  has  a  battery 
it  may  discharge  if  the  selector  switch  is  left  in  the  ohm  position. 

You  can  readily  see  that'tlfe  scales  are  labeled  ac,  dc,  and  ohms.   You  use  the 
dc  scale  for  dc  voltage  and  milliafciperes.    Looking  at  the  two  ac  scales,  you  can  se* 
a  100-volt  and  a  40-volt  scale.  If  you  have  your  test  probe  in  the  1000-volt  jack  of  the 
meter,  you  use  the  100-volt  scale  and  add  a  zero  to  each  figure  so  that  100  becomes 
1000,  75  becomes  750,  50  becomes  500,  and  25  becomes  250.   If  you  use  the  400-volt 
jack,  you  also  add  a  zero  to  each  figure  in  the  40-volt  scale.   Should  you -use  the  10- 
volt  jack,  ,you  use  the  100-volt  scale  and  subtract  a  zero  ttom  each«fcgure  on  the  scale 
If  you  use  the  4-volt  jack,  use  the  40-volt  scale  and  subtract  a  zero  from  each  figure 
This  scale  would  then  become  0,  1,  2,  3,  4,  instead  of  0  through  40 


Figure  63. 


Multimeter 
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When  using  the  ohmmeter  portion  of  this  multimeter,  always  touch  the  two  test 
probes  together  and  use  the  zero  adjust  knob  to  bring  the  pointer  to  zero  before  using 
it.  This  takes  care  of  battery  loss  and  internal  resistance.  When  the  pointer  tan  ho 
,  longer  be  zeroed  in,  the  battery  should  be  replaced.  You  will  notice  that  the  Scale 
reads  just  backwards  of  the  other  scales. ,  At  the  end  of  the  ohmmeter. scale  you  will 
notige  the  symbol  for  infinity.  This  means  that  when  the  pointer  is  touching  this,  the 
resistance  is  an  infinite  amount  (too  large, to  nieasure).  * 

'Rxl  means  that  you  take  the  .reading  on  the  scale  and  multiply  it  by  1.   "R"  is  the 
reading  on  the  scale.   This  reading, of  500  ohms  would  place  the  pointer  into  the  crowded 
section  of  the  scale.   You  could  get  more  accuracy  by  using  the  RxlO  terminal.  Then 
the  pointer  would  actually  rest  on  50  ohms.   Fifty  ohms  times  10  would  be  500  ohms. 
Ifyoudid  this,  "your  pointer  woul&be  on  the  portion  of  the  scale  where  the  numbers  are 
evenly  distributed.   For  a  more  accurate  reading  try  to  keep  the  pointer  as  nearly  as 
possible  to  the  center  of  the  scale. 

*> 

CAUTION:  Never  use  the  ohmmeter  on  a  live  circuit  as  it  will  damage  the  meter. 

Insulation  Test  Set  AN/PSM-1A  and 
AN/PSM-2  A 

The  ohmpeter  AN/PSM -1A  is 
designed  to  measure  insulation  resist-*, 
ance  from' 0  to  100  megohms  and  the  " 
ohmmeter  AN/PSM-2A  is-design^d' 
to  measure  insulation  resistance  froip 
0-100Q  megohms/  The  testing  voltage    f  , 
of  both  models  is  500-voltsdc  which  is  « 
provided  by  a  hand-cranked  generator. 
Turning  the  crank  in  either  direction 
until  the  indicators  glow  steadily  red 
generates  500-volts  dc  testing  voltage 
whi^b  is  available  at  the  binding  posts.  . 

The  Insulation  Tester  (megohm - 
meter),  figure  64,  checks  the  insulation 
of  coils  and  windings  of  motors,  geher-- 
ator?,  and  transformers.  Considering 
various  machines,  the  insulation  re- 
sistance of  wirfdings  may  range  to  sev- 
eral thousand  megohms^  (million  ohms). 
The  megohmmeter  is  used  by  connecting 
one  test  lead  to  the  conductor  and  the 
other  lead  to  ground,  and  rotating  the 
handcrankjust  fast  enough  to  keep  the  indicator  lamps  glowing.   Any  current  leakage 
through  the  insulation  will  cause  the  pointer  to  move  up  the  scale.   The  pointer  will 
indicate  the  amount  of  insulation  resistance  in  megohms.    The  voltage  should  be  ap- 
plieo  for  at  least  30  seconds  and  the  pointer  should  stabilize  before  the  reading  is  taken. 


1 

UUl 

<s> 

I 

i 

Figure  64. 
AN/PSM- 


Insulation  Test  Set 
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Clamp -Multimeter 

•   The  clamp-multimeter  has'  a  4-range,  0-600  ampere,  portable  ac  ammeter  de- 
signed for  measuring  current  in  power  circuits  and  is  so  constructed  that  it  may  be 
used  without  pKvsically  breaking  the  circuit  to  be  measured.    It  may  be  used  for 
measuring  cufcigljfrin  insulated  or  noninsulated  conductors  up  to  2  inches  in  diameter 
provided  the  current  is  within  the  range  of  the  meter.     This  meter  is  shown  in  ' 
figure  65. 


OPERATING  PROCEDURE.   Set  the  range  selector  switch  to  the  proper  position. 
If  the  approbate  value  of  current  is  unknown  set  the  range  selector  switch  to  the  " 
highest  range. 

Press  the  trigger  to  open  the  jaws,  then  hook  the  curved  jaw  around  one  con- 
ductor and  release. trigger.  •  * 


IMPORTANT.  .Be  sure  the  clamping  jaws  encircle  only  one  line  andCe  firmly 
closed  when  making  the  measurement.    ,  «*uuy 


t 
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SUMMARY  ^ 

'  4     Meters  are  used  in  maintaining,  troubleshooting,  and  "repairing  electrical  eoum 
n.ent.    You  will  nnd  that  the  proper  operation  of  electrical  devices  requires  ^at^ou" 
properlv  interpret  meter  readings.   The  best  and  most  expenlTme^rZ  ^strn 
Zl  uZ::.^  "  ^  ^  Wh°  d06S  n0t  kn°W  What  *  -  -easuring"  X\hSerre"ad. 

tn  ,  >t<  ^  m  ^  Va/">f  ,r°m'  nieter  t0  me£er  they  are  all  very  similar.  H  VOu  learn 
to  lead  the  scales oi  a  few  meters,  vou  will  be  able  to  figure  out  the  scale  „ 

either  end  the  numoers  will  be  close  together  in  some  instances.     You  will  study  the 

n  front  of'u  I  at6r  W  >'0Ur  *leCtrlcal  work-  When  reading  the  scaled  and  directly 
in  fiont  of  it.    If  you  are  reading  it  from  an  angle,  your  reading  is  like  v  to  be  nff 

aTvouwr6"  that  ^  P°inter  15  neareSt'  ^t^h'is^umblr^l'fothr/er^accur- 

R..n,f^  h?l'e  lhe,r  °*°  "0lIa§e  S0UrCe'  wh,le  °thers  dePend  °"  '»e  circuit  voltage 
Remember   never  use  a  meter  or  other  measuring  device  that  has  its  own  source  oj- 

SKSST.i These  de",ces  wl"  "°<  ^ »» '«-"'«t 

ammeter  may  be  combined  ,„  one  unit  using  only  one  meter. movement.  lXh.es  ,,cL 
—7r  muSmeSr°nal  ™  ™  '°         S^  *  comb^r^Tm! 

QUESTIONS 

1.  VVnat  is  che  purpose  of  an  ohmmeter?  *  • 

2.  What  does  the  term  multimeter  mean? 

3.  Does  the  ohmmeter  have  its  own  source  of  power? 

4.  What  is  the  megohmmeter  used  for? 

5..    Whv  must  an  ohmmettyj, never  be  used  in  a  live  circuit? 
6.     What  is  the  purpose  of  the  zero  adjust  knob  on  the  multimeter? 
How  is  a  voltmeter  connected  in  a  circuit? 

8.  Whv  is  an  ammeter  always  connected  in  series  in  a  circuit? 

9.  What  is  the  source  of  power  in  a  megommeter? 
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OBJECTIVE 


INTRODUCTION 

^"SSS^SS^Sl^^  r?iStanCe  mUSt  be  "--red  in  every 
a  continuous  conduct   a*  T^l^Xe^  '  ^  ^  Pr<3videS 
source.  As  discussedintMs  lesson  Ohm  ^       k  P°S^Ve  terminal  of  the  v°lt^ 
current,  and  resistance  in  electS  circuits       Sh°WS       relatl0nshiP^f  voltage, 

r^r^^^^^  -  is  measured  in  watts.  Watts  is  a  ' 
INFORMATION 


are 


ELECTRICAL  CIRCUITS 
;  All  circuits  must  have  at  least  three  parts  as  shown  in  figure  66.    These  parts 


Source  of  voltage 

Conductors 

Unit  of  resistance 


.  POSITIVE 
S  CONDUCTOR 


+ 

rower  ■=£ 

Supply 


NEGATIVE  S 
CONOUCTOR/ 


LOAO 
RESISTOR 


B 


Figure  67.  Simple  Circuit 


Figure  66.   Basic  Circuit 
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A  circuit* may  have  other  units,  but  to  be  properly  called  a  circuit,  these  three 
parts  rrust  ,be  present.   This  does  not  provide  much  in  the  wayof  control.   Therefore.  ' 
a  switch  should  be  added  to  shut  off  the  current  flow.   Now  the  circuit  will  look  like 
figure  67. 

Many  different  types  of  switches  may  be  used.   In  figure  67,  example  B,  no  current 
passes  through  the  dotted  lines.   This  merely  indicates  that  the  two  parts  of  the  switch 
are  connected  together  physically  and  not  electrically.   It  is  called  a  double -pole, 
single -throw  switch. 

To  protect  the  parts, of  the  circuit  and  the  people  working  around  the  circuit,  some 
form  oi  self -protection  should  be  added  to  the  circuit.   There  are  many  different  types 
of  protection  devices tthat  may  be  added  to  a  circuit.   Perhaps  the  most  common  are. 
fuses  and  circuit  breakers  (^fc).   Both  of  these  devices  protect  a  circuit  from 

an  overload  or  an  excessive  amount  of  current.  A  fuse  operates  on  the  principle  that 
current  flowing  through  a  resistance  causes  heat.   The  greater  the  current,  the  great- 
er is  the  heat  produced.   When  the  current  which  flows  ^through  the  low  resistance  )f 
the  fuse  becomes  excessive,  the  heat  becomes  sufficient  to  melt  tfre  fdse  and  open  the 
circuit.  This  prevents  further  current  flow  and  protects  the  circuit  from, damage. 
Fuses  are  of  many  different  types  and  sizes.   Since  fuses  are  used  to  protect  con- 
ductors and  equipment  from  overload,  do  not  replace  a  fuse  with  one  of  a  larger  rat- 
ing.   A  circuit  breaker  operates  on  similar  principles  and  does  the  same  iob  as  a 
fuse.    Figure  68  shows  how  a  fuse  may  be\installed  to  protect  a  circuit.  , 


Figure  69.  Measuring  Current 
Figure  68.   Simple  Circuit  and  Voltage 

^     To  determine  the  amount  of  current  flowing  in  the  circuit,  an  ammeter  ((A)j)  is 
added  to  the  circuit.   An  ammeter  is  always  connected  in  series  with  the  circuit  or 
end-co-end  with  what  you  are  measuring.   See  figure  69. 

* 

Sinceyou  can  measure  only  the  difference  in  pressure  between  two  points,  the  volt- 
meter (  ©  )  is  not  connected  directly  into  the  circuit.   It  is  connected  across  the  re- 
sistance, voltage  source,  or^qther  electrical  device.   This  ?s  referred  to  as  a  parallel 
connection.   See  figure  69.  * 

Circuits  also  have  other  classifications.   They  are  often  broken  down  into  simple, 
.series,,  parallel,  and  series-parallel  or  (combination)  circuits.   These  are  shown  in 
figure  70. 


A 
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A  SIMPLE 


8  SERIES 


T 


C  PARALLEL 


0  SERIES  PARALLEL 

EC  -  M7  i 


"Figure  70.   Circuit  Classification 

Most  electricians  refer  to  the  simple  circuit  as  a  series  circuit  since  its  single 
•esistor  is  connected  in  series  with  the  fuse,  switch,  etc-  ' 

SERIES  CIRCUITS 

A  series  circuit  is  one  in  which  resista^ere  or  electrical  devices  are  connected  end 
to^nd  as  shown  in  figure  71.    Note  that  the  path  of  current  flow  is  from  th  J&egative 
side  of  the  battery  through  lamps  Li,  .  * 

*L2,  and  L3,  and  back  to  the  positive 
side  of  the  battery.   It  is  apparent 
that  if  the  filament  of  any  one  lamp 
burns  out  (opens),  the  current  path 
is  no  longer  complete  and  the  other 
lamps  must  also  go  out.   You  have 
probably  seen  this  happen  with 
Christmas  tree  lights  in  series.  A 
series  circuit  may,  therefore,  be 
defined  as  a  circuit  in  which  the  cur- 
rent flows  in  only  one  path.  Each 
unit  of  resistance  is  dependent  on  the  other  units. 


Figure  71.   Series  Circuit 


The  characteristics  concerning  the  voltage,  currenLand  resistance  of  a  series 
circuit  are  as  follows: 


Voltage 


The  sum-of,the  voltage  drops  equal  the'total  voltage.   In  other  words,  if  you  were 
(to  measure  the  voltage  across  each  resistor  with  a  voltmeter  and  add  these  voltages 
they  would  equal  the  total  voltage  or  source  voltage.   Expressed  mathematically 
ET  =  Ei  -  E2  -r  E3^  etc.   (See  figure  72. ) 
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E|*  20V 


Et'E,+E2  +  E3  $ 

et*2o+3o+7o  ; 


CC-H73 


Current 


Figure  72.  Series  Circuit 


The  current  which  flows  is  the  same 
in  each-  part  of  a  series  circuit.  Ex- 
pressed mathematically,  IT  =  Ij  =  I2  =I3, 
etc.  Where  It  is^he  total  current  and 

I2,  and  I3,  respectively.  (See 
figure  73* ) 


I311A 


IP 


^lT'*1  AMPERE 


Resistance 


*  Figure  73.  Series  Circuit 


The  current  which  flows  in  the  series  circuit  meets  opposition  from  each  resistor, 
in  turn.   If  the  resistors  Rj,  R2,  and  R3  were  20,  30,  and  70  ohms,  respectively,  the' 
current  fh  the  circuit  would  meet  a  total  opposition  of  120  ohms.   The  three  resistors 
would  then  offer  the  same  opposition  to  the  current  in  the  circuit  as  one  resistor  of 
120  ohms.   EN  A  SERIES  CIRCUIT,  THE  TOTAL  RESISTANCE  IS  EQUAL  TO  THE 
SUM  OF  THE  INDIVIDUAL  RESISTANCE.   Expressed  mathematically,  RT  =  R*  +  R2  + 
R3,  etc.  Where  RT  is  the  total  resistance  and  Rj,  and  R2,  and  R3  are  the  resistance 
in  series.   (See  figure  74.) 

RT  =  Ri  +  R2  +  R3 


©R2*3on  rt  =  20  +  30  +  70,=  120  ohms 


Figure  74.  Series  Circuit 
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OHM'S  LAW 


You  have  seen  that  an  electrical  circuit  consists  of  a  source  of  potential  connected 
to  an  electrical  device  which  has  resistance.   When  the  circuit  is  completed,  current 
flows  in  a  closed  path.  ;  - 


In  1827,  George  Simon  Ohm  discovered  that  the  amount  of  current  which  flows  in  a 
circuit  increasesnf  the  potential  (voltage)  applied  is  increased,  and  decreases  if  the 
resistance  of  the  circuit  is  increased, 
He  also  found  that  the  current  decreased 
when  he  decreased  the  potential  applied, 
and  increased  if  the  resistance  were 
decreased.   The^e  findings  are  known 
as*Ohm'is  law  which  states  that  the  cur- 
rent in  a  circuit  is  directly  proportional 
to  the  applied  voltage  and  inversely* pro- 
portional to  the  resistance.   Often  this 
statement  is  expressed  mathematically 
by  means  of  the  Ohm's  Law  triangle  or 


OR 


circle  as  shojvn  in  figure  75, 


Figure  75.   Ohm's  Law  Triangle 
and  Circle 


Where  E  is  the  EMF  in  volts,  'I  is  the  intensity  of  the  current  in  amperes, "and  R 
is  the  resistance  in  Ohms.   The  formulas  may  be  derived   from  the  above: 


E  =  I  x  R,  R  =  E/I,and  I  =  ff/R. 


\ 


If  you  know  any  two  factors,  you  can  always  find  the  third.  Put  your  finger  over 
the  factor  you  want  to  find  in  either  the  triangle  or  circle  and  you  will  haye  the  other 
two  factors  to  replace  with  the  known  values. 

4£     Subletters  may  be  used  to  distin- 
guish between  various  parts  of  a  circuit. 
(See  figure  76.)  ET,  IT  and  RT  repre- 
sent total  voltage^  current,  and  resist- 
ance, while  E^,  Ij,  an^Ri  represents 
facts  about  lamp  or  resistor  1,  and  E£, 
R2  and  I2  repr^ent  facts  about  re- 
sistor 2. 


Figure  76,  Representing 
•Circuit  Parts  ' 
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Ohm's  law  may  be  used  to  solve  various  problems  as  shown  below. 

L    t^to^^  How  much 


£7  =  6  volts 
Rt  =  40  ohms 

'T-  Et/Rt 
*IT  =  6  volts/40  ohms 

It  =  •  15  amperes 


ET»6V  — 


I 


*  Find:  I*p 

2-  ZVA™. ESS," *• fUament 01  a UBht bulb»wch 12 


T 


Given:  ET  =  12  volts,  lp  =  .  5  amperes  Find:, 
%•  =  ET/lp,  F^p  =  12  volts/.  5  amperes,  Rp  ='24  n 


Et«7  — 


Given;  ,  R/p  =  100  ohms  ,  Lp  =  2  amperes 
Solution;    ET  =  IT  x  Et  =  2A  x  100 


Find:  Ex 
Et  =  200  volts 
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POWER  VALUES 


To  assure  the  circuits  you. construct  or  other  equipment  you  install  wiLl  operate 
properly  and  safely,  it  is  necessary  (o  know  how  much  Electrical  Power  is  required. 
To  determine  the  power,  certain  other  terms  must  be  understood. 

•  *  * 

Work  %N  " 

Work  is  the  pvercoming  of  opposition  through  a  certain  distance.   Work  requires 
for  its  definition  two  very  basic  factors-rthat  of  fprce  and  that  of  distance.   The  amount 
^of  force  is  that  which  causes  or  tends  to  cause  a  change  in  the  motion  of  bodies.  A 
'good  example  of  force  is  voltage.   We  defihe.it  as  the  force  that  moves  electrons  in  a 
conductor.   Voltage  does  work  for  us  and,  of. course,  we  must  pay  for  this  work  when 
we  pay  our  electric  bill.   Work  accomplished^  found  by  multiplying  the  force  applied 
against  an  object  by  the  distance  the  object  is  moved.   Technically,  even  though  force 
is  applied,  no  work  is  done  unless  an  object  is  moved  at  least  a  little.   Distance  must 
be  involved.   Mathematically  expressed:  * 

W  =  F  x  D  or  Work  -  Force  x  Distance  < 
,W  =  Work  Done  by  the  Object 
F  =  Force  in  Pounds  Applied  to  the  Object 
D  =  Distance  Object,  is  Moved  in  Feet 

Power 

Power  is  the  time  rate  at  which  work  is  done^and  is  measured  x iff oot -pounds  per 
second.   Expressed  mathematically,  Power  =  Work/Time.  . 

The  following  example  will  illustrate  the1  difference  between  work  and  power  When 
a  100-pound  bag  of  sand  is  dragged  10  feet,  1,  000  foot-pounds  of  work  is  performed. 
If  this  work  is  performed  in  5  seconds,  the  power  required  is: 

Power  «  Work    s  1,000  ft  lbs    =  200  ft  &  secQnd 
Time       -     5  sec 


If  the  100-pound  bag  is  dragged  10  feet  in  lGseconds,'  the  power  required  is: 

Power  =  Work  -   1,  000  ft  lbs        1flf.  ,, 

Time  '       10  sec  -     =  100  «  lb  per  second 

Mechanical  power  is  usually  measured  in  horsepower  (hp).  One  horsepower  equals 
550  foot-pounds  per  second  or  33,  000  foot-pounds  per  minute. 
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Electrical  power  is  measured  in  watts  or  kilowatts>  A  kilowatt  is  1,  000  watts-  it 
us  often  used  because  a  watt  is  such  a  small  unit.  Electricity" is  normally  paid  for  n 
kilowatt  hours.  A  watt  us*d  for  an  hour  is  a  watt  hour  or  a  kilowatt  used  foV  an  hour"  v 
u,  a  kilowatt  hour.   To  change  2, 200  watts  to  kilowatt,  divide  by  1,  000.  2  200/1  000  - 
2.2    The  basic  unit  is  the  watt.  One  horsepower  is  equal  to  746  watts  or  .  746  kilo- 
watt. One  watt  equals  .00134  horsepower  and  one  kilowatt  equals  1.  34  horsepbwer 
One  wact  is  equal-  to  one  ampere,  moved  through  a  potential  difference  of  one  volt.  In 
other  words  when  an  ampere  of  current  flows  between  two  points,  the  difference  of 

th  fc  M°  WhlCh  18  j  VOlt'  1  watt  of  power  is  being- expended  between  these  two  points. 
Thus,  the  power  used  in  any  circuit  is  the  product  of  the  voltage  and  the  current  flow- 
ing in  tjiat  circuit.   Expressed  as  equations: 

.  *  P  =  I  x  E,  or  E  =  i  on  I  =  P       -  ' 

1      '  E 

Where  P  is  the,  power  ih  watts,  I  is 
the  cu)  rent,  and  E  is  the  potential  dif- 
ference in  volts,  often  they  are  placed 
in  a  triangle  and  the  equation  formed  in  » 
the  same  manner  as  Ohm's  law.  See 
figure  77. 


v  Figure  77.    Power  Triangle 

The  power  formula  is  often  remembered  as  watts  =  Volts  x  Amperes    Since  the 
watt  is  a  very  small  unit  of  power,  we  commonly  us'e  the  kilowatt  (kw),  which  is  1  000 
watts  as  mentioned  previously. 

Kilowatt  =  Volts  x  Amperes 

1,000  "  . 


It  should  be  mentioned  now  that  the  power  formulas  that  have  been  given  are'for 
dc  circuits  and  ac  circuits  with  only  resistors.   You  must  remember  that  other  things 
must  be  considered  in  ac  circuits  such  as  inductors  and  capacitors,  in  figuring  power. 

1-.    If  an  electric  motor  requires  10  amperes  at  110  volts,  what  is  the  power 

consumed?  •  * 

P  =-I  x  E  =  10  x  110  =  1, 100  watts  or  1.1  kilowatt 

Z.    If  a  battery  chargex  operates  at  100  volts  and  consumes^OO  watts,  what  must 'be 
toe  smallest  fuse  which  will  maintain  operation? 

I  =  P/E  =  600  =  6 -Ampere  Fuse 

** 

3.    What  voltage  will  be  measured  at  the  terminals  of  a  500-watt  generator  when  10 
amperes  are  being  drawn? 

E*=  P/I  =  ™  ="50  Volts         '  '  * 

tct  . 
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By  the  use  of  these  power  formulas,  one  of  the  three  quantities  of  current,  power, 
or  voltage  can  be  found  if  the  other  two  quantities  are  known. 

The  electrical  load  of  this  building  is  the  power  which  it  consumes.  Everything 
that  usaa  power  in  this  building  is  the  load. 


Power  may  be  referred  to  ih  terms  of  E/R  X  E. 

Power  Ohm's  Law 

P  =  I  x  E  *~  '  I  =  E/R 

If  I  equals  E/R,  then  substitute  E/R  in  the  power  formula  for  I  and  you  have: 
P  =  E/R  x  E  or  P  =  E2/R 

If  E  equals  I  x  R,  then  substitute  I  X  R  in  the  power  formula  for  E  and  you  have: 

*  * 

P  -  I  x  I  x  R  or  P  -I2R 

Since  power  is  the  time  rate  of  doing  work,  it  follows  that  the  greater  the  length  of 
time  the  power  is  consumed,  the  greater  will  be  the  total  power  consumed.  Electric 
power  is  purchased  commercially  in  watthours  (watts  x  hours)  or  kilowatt  (kw)  hours 
(watthours).  A  100-watt  lamp  requires  100  watts  of  power  for  proper  operation  and 
1,000 

consumes  100  waitjiours" of  power  in  1  hour,  200  watthours  in  2  hours,  etc.   In  terms 
of  kilowatt  hours^  the  above  lamp  uses  100W/1,  000  =  .  1  kilowatt  (kw)  hour  of  power 
l  hour;  in  10  hours,  the  lamp  uses  10  times  as  much,  or  1  kw  hour  of  power. 

P  EXAMPLES 

f .    If  a  kw  hourmeter  reads  .09  kw  in  10  hours,  whaf  is  the  average  rate  of 
consumption? 
r 

\09  kw  =  90  watts 
90  watts/10  hours  =  9  watts  per  hour 

2.    If  a  2 -hp  motor  is  connected  to  the  powerline  and  operated  for  10  hours  continu- 
ously, what  will  be  the  power  consumed  in  kw  hours? 

1  horsepower  =  746  watts 

2  horsepower  =  2(746)  =  1,  492  watts 

Thus,     '1.492  watts  =  1,492  kw  ' 
v  1.492  kwx  10  hours  =  14.92  kw  hours  * 
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POWER  LOSSES 


The  most  common  loss  of  power  in  electrical  work  is  that  which  is  dissipated  in 
the  form  of  heat  when  current  flows  through  a  resistance.  This  power  loss  is  some- 
times called  the  IZR  loss  or  copper  loss  and  is  always  present  when  current  is  flowing. 
The  heat  is  usually  dissipated  into  the  air  and  lost,  but  it  can  be  utilized  as  in  the  case 
of  the  electric  oven,  toaster,  soldering  iron,  or  filament  of  a  vacuum  tube.  It  mav  be 
calculated  by  the  following  formula:  ' 


P  =  I2R 


Power  losses  in  resistance  are  more  important  in  communication  work  than  your 
career  field.  Resistors  are  used  to  reduce  the  voltage  to  parts  of  different  tubes  For 
example,  if  the  12 -volt  battery  of  a  car  is  used  to  light  a  6 -volt  radio  tube  which  draws 
.3  ampere  of  current,  a  series  resistor  will  be  necessary.   The  value  of  this  resistor 
may  be  found  as  follows:  Since  the  voltage  drop  necessary  is  6  volts,  we  want  to  lower 
the  12  volts  to  6  volts.    If  the, current  drawn  by  the  tube  is  .3  ampere,  the  resistance 
necessary  will  be:  R  -  E/I  -  6  volts/.  3  ampere  =  20  ohms.   The  power  rating  of  this 
resistor  should  be:  P  =  E2/R  =  36/20  =  1.8  watts  or  P  =  i2r  =  .3  x  .3  x  20  =  1.8  watts 
Therefore,  any  20-ohm  resistor  with  a  wattage  rating  of  1.8  watts  or  greater  may  be 
used.  If  a  resistor  of  smaller  wattage  is  used,  it  will.overheat  or  burn  out  and  cause 
an  open  circuit.   This  wattage  rating  indicates  the  safe  wattage  that  the  resistor  will 
radiate  in  form  of  heat  in  free  air  without  becoming  damaged. 

Electric  motors  have  losses  due  to  friction  and  resistance  of  windings.  There- 
fore, the  mechanical  output  can  never  equal  the  electrical  input.    The  output  of  any 
power-consuming  device  divided  by  the  input  and  multiplied  by  100  will  give  it  power 
efficiency  inpercent.   (No  machine  can  be  100  percent  efficient. )  This  true  efficiency 
that  a  machine  has  is  often  referred  to  as  its  Power  Factor.   The  power  factor  is  of  a 
great  deal  of  importance  in  ac  circuits.  It  will  always  be  less. than  one  (1).  Thus, 
when  a  machine  power  factor  is  multiplied  by  100  it  will  be  less  than  100  percent' 
efficient. 


* 


Efficiency  =  Output  x  100 

Input      ..  .„ 

Problems  and  Examples 

1.    If  a  1-hp  motor  draws  6  amperes  of  current  at  220  volts,  what  is  the  efficiency  of 
the  motor?  *  7 


■ 0utput  £        746  watts 


Efficiency  =      f    4  100  =  — — — —  x  100 
Input  220  X  6 


74, 600  _  Q 


An  electric  iron  when  operating  in  a  circuit  draws  12  amperes  of  current  at  120 
volts.   What  powe  r  is  dissipated  ? 


P  -  I  x  E 

R  =  12  x  120  =  1,440  watts 


\ 

100 


POWER  IN  AC  CIRCUITS 

In  dc  circuits,  the  power  was  easily  found  by  the  various  power  formulas.  In  ac 
circuits,  other  factors  must  be  considered  and  used  along  with  the  formulas  you  have 
studied.    Dc  circuits  had  only  resistance  to  consider,  while  ac  circuits  have  inductors 
and  capacitors  to  also  consider.  They  act  entirely  different  from  resistors.  Their 
components  store  energy  and  deliver  it  back  to  the  circuit  at  fixed  intervals.   The  pow- 
er actually  used  is  not  the  power  apparently  used.    This  is  noiyaa&lly  referred  to  as 
true  power  and  apparent  power.  In  dc  circuits  and  ac  resistive  circuits  the  true,  pow- 
er and  apparent  power  are  the  same,  but  in  the  ac  circuits  the  true  power  is  normally 
less  than  the  apparent  power.    Power  factor  has  been  rpentioned  previously.   It  must  be 
taken  into  consideration  in  some  types  of  ac  circuits. 

SUMMARY 

To  analyze  and  understand  circuits,  you  must  learn  the  various  symbols  that  are 
employed  in  electrical  schematics.  All  circuits  must  have  at  least  three  parts.  They 
will  always  have  a  source  of  voltage,  conductors  and  a  unit  of  resistance  (or  other 
electrical  devices).  Of  course,  they  usually  have  a  protection  deylce  such  as  a  fuse 
or  circuit  breaker  and  a  control  device  (switch)  of  some  sort. 

Ohm's  law  is  the  relationship  between  voltage,  current  and  resistance.   The  cur- 
rent is  directly  proportional  to  the  voltage  and  inversely  proportional  to  the  resistance. 
Mathematically  expressed:  E  =  Ix  R,  R  =  E/I,  and  I  =  E/R.  Remember  to  take  values 
from  the  same  part  of  the  circuit.   For  example,  do  not  use  E2  with  Rj,  etc.  Studying 
the  information  contained  in  this  study  guide  Should  prepare  you  for  more  complex  cir- 
cuit problems. 

Power  is  the  time  rate  of  doing  work.    Voltage  x  current  =  Watts  which  are  units 
of  power  expressed  mathematically  P  =  IXE  . 
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QUESTIONS 


What  is  Ohm's  Law  formula  for  finding  voltage? 
What  are  Unessential  components  of  a  circuit? 


3.  How  many  resistors  does  a  simple  circuit  have? 

4.  Is  the  current  directly  proportional  to  the  voltage? 

5.  A  series  circuit  has  path  for  current  flow. 


6.     The  total  resistance  is  the 


of  the  individual  resistances. 


of  the  voltage  drops  in  a  series  circuit*  must  equal  the 


7.  The 
applied  voltage. 

8.  If  one  resistor  allows  6  amperes  to  pass,  how  many  amperes  can  pass  the  other 
resistor  in  series? 

9.  What  is  Power? 

9 

10.  What  is  th4  formula  for  work? 

11.  How  many  watts  are  in  a  horsepower? 

12.  How  many  watts  are  in  a  kilowatt? 

13.  What  is  the  power  formula? 


Rt>2A 


FIND:  "I2 


FIND:  R3 
IT 

t  E2 


.  J 
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PARALLEL  CIRCUITS 


OBJECTIVE 


The  objective  of  chis  study  guide  is  to  help  you  become  familiar  with  construction 
features  and  performance  of  parallel  circuits.  consirucut  n 

INTRODUCTION 

It  is  often  necessary  to  connect.electrical  devices  so  that  the  entire  source  of 
voltage  is  across  each  device.  vA  circuit  in  whinh  two  or  mn. 
across  the  same  source  of  EMF  ij  j  p.r^^ircuit.   As  in  other  typL  pf  circuits 
here  are  characteristics  that  pertain  only  to  parallel  circuits.   P ar£lel  cir  ui?s  kre 
found  in  homes,  barracks,  hangars,  etc.    "  «u«uiei  circuits  are 

INFORMATION  , 


CIRCUIT  CONSTRUCTION  FEATURES 


Figure  79  is  a  parallel  circuit,  it  consists  of  a  battery  and  three  electric  lamno 
connected  in  parallel.  Note  that  the  current  which  leaves  one  terminal  o  "  the  bSv 
brejks  up  into  three  parts  and  then  returns  to  the  other  termlrSTf  tte  battery  ?2- 

fomp^isoUn  m°re  'Han       CUrrent  Path-    (FigUre  80  is  a  ser  5  S'for 


rMir^i — «—f — «— i 

JA         IT  =  6A         "  A  a 

"c    IT=6A     1  it 

F       _         G  H 


r 


G  H 

C  C  -  »  9« A 


Figure  79.  Parallel  Circuit 


Figure  80.   Series  Circuit 


n.n^In  allelJcircuit  shown  ^  fi^re  81,  note  that  points  A,  B,  c\nd  D  are  con- 

nected together  and  are  one  point  electrically.    Similarly  points  E,  F  b  and  k  make 

the^votaleT^^H  VOltage  between  points  A  aS^f 

tetwe^  poin 2?  aS^J:         P7ntS  B^  F'  b6tWeen  P0^0  and '  G>  ™  wel1  « 
™Z!     '     ,1  ThuS'  a  rule  regarding  parallel  circuits  would  be  that  the 

whJ2V?  thr??«;out  the  circuit-  Expressed  mathematically,  ET  .  E,  -  £%  E, 
R    ?J £  15       aPP  H6d  V0ltag6'  El  is  the  voltaee  across  Rl.  E2  is  theT  voltage  across* 

Wsi^sx^^xx110  The  voltage 


1^5 


©  (£T 

©  (v) 

E,=I20V 

E2=120V 

E3*120V 

Figure  81.  Computing  Voltage  in  a  Parallel  Circuit 


Current 


Another  characteristic  or  rule  of  a  parallel  circuit  is  that  the  current  flowing  to- 
ward a  point  is  equal  to  the  current  flowing  away  from  the  point.   Therefore,  IT  =  U  + 
I2  +  T3  etc.  ,  where  IT  is  the  total  current  and  Ilf  I2,  and  I3  are  the  currents  through 
Rl,  R2,  and  R3,  respectively. 


In  other  words,  the  total  current 
in  a  parallel  circuit  is  Squal  to  the 
si^n  of  currents  passing  through 
each  individual  branch  as  shown  in  * 
figure  82. 


iT  *  10A 


®V6A    ®l2s3A  (*)^*'A 


R1 


R2 


IT"10A 


Lp  =  Ij  +  I2  +  I3 

Lj*  =  6A.  +  3A/+  1A. 

Problem: 

Find  Lp  

Given: 


10A. 


Solution: 


ET  =  6v  , 

=  15  ohm  t 
R2  =  25  ohm 

II  =  Ej/Ri  =  .4A; 

h  =  E2/*2  =  -24  A 
IT  =  h  =  h 
IT  +  .  64  4 


Resistance 


Figure  82.  Computing  Current 
.  in  a  Parallel  Circuit 


ET»6V  —       R,  =15    <  R2«25 


f 


Several  formulas  are  used  to  find  the  total  resistance  in  a  parallel  circuit.  Prob- 
ably trie  easiest  methods^to  use  are  the  product  over  the  sum  method  and  the  formula 
for  equal  resistors,  but  several  methods  will  be  given.  . 


\06 


There  is  a  basic  rule  concerning 
parallel  circuits  that  states  "The  total  * 
resistance  in  a  parallel  circuit  is  al- 
ways smaller  than  the  smallest  branch' 
resistance. "  In  figure  83,  the  parallel 
circuit  has  a  2-ohm,  3 -ohm,  and  a  6- 
ohm  resistor.   The  total  equivalent  re- 
sistance must  be  less  than  £-ohms 
since  it  is  the  smallest  branch  resistor. 


,     Figure  83*.   Parallel  Circuit  - 
\ 

Rt  as  less  than  2 -ohms. 


in  n  J^iRESIST(?f  °uNLY  IN  PARALLEL.   The  equivalent  resistances  two  resistors 
1P  Jfn    iS  6qUal  t0  the  Pr0dUCt  0f  the  ^resistors  divided  by  their  sum    For  ex^ 
pea  20-ohm  resistor  and  a  30-ohm  resistor  in  parallel  are  equivalent  t?a  reLto^ 
of  12-ohms.   (See  figure  84  below. )  This  is  found  as  follows-  < 


R  ,nR1xR2 
A     Rl  +  R2- 


rt  .  20  x  30 


600 


20  +30  ~  "50~ 


12-ohms 


Figure  84.  Two  Resistors  in  Parallel 

* 

"T    '°       tMs  method  "ith  a  P^81  d™""  having  more  than  two  re- 

the  ^  -  * «—*■»*-  . 

get  and  use  it  with  the  next  resistor. 
Continue  doing  this  until  you  have  used 
all  of  the  resistors.   Remember,  you 
can  take  only  two  at  a  time.^  The 
answer  you^get  using  two  resistors  is 
the  equivalent  for  both  resistors.  It 
doesn't  matter  the  order  in  which  ydU  " 
take  the  resistors. 


Figure  85.  More  than  Two  Resistors 
in  Parallel 


Find  RT  

Solution:  RT  =  Rl  x  R2  or  *2  x  R3 
*  Rl  +  R2        H2  +  R3 


or 


-Rl  x  R3 
R1  +R3 


etc. 


=  R2  x  R3 

R2  +R3 

• 

=  6  x  3 

18 

=  2  ohms 

6+3 

9 

_  2  x  4 

8  = 

1.  33  ohms 

2+4 

.6 

s 

(Total  equivalent  resistance  for 
*wo  of  the  resistors  NOT  for  the 
entire 'circuit)' 

-(Notice  that  the  total  resistance  for  the  entire' 
circuit  is  less  than  the  smallest  branch. re- 
sistor which  is  3  ohms) 
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EQUAL  RESISTORS  IN  PARALLEL. 
The  total  resistance  connected  in  parallel 
is  equal  to  the'  resistance  of  one  resistor 
divided  by  the  number  of  resistors. 
(See  figure  86.)    Expressed  mathemat- 
ically, 

Rp  =  -  .   R  =  Value  of  one  re- 
sistor  and  N  =  Number  of  like  resistors. 


R3'60 


Figure  86.     Equal  Resistors 
in  Parallel 


Find  RT  s 

Solution:    Rp  =  R/N  =  £ 


2  ohms 


When  like  resistors  are  in  a 
parallel  circuit  along  with  unlike 
resistors,  as  shown  in  figure  87, 
use  the  above  method  for  the  like 
nersistors  and  then  take  your  an- 
swer and  use  it  with  the  product 
over  the  sum  method  to  arrive  at 
tot'al  resistance.       „»  '  ' 


Find:  RT 
Solution: 


Figure  87.   Unlike  Resistors  in  Parallel 


je»    Rp  =  R/N  (Value  of  like  Resistors/Number  of  like  resistors) 


4 

Rp  =  j  =  2  ohms 


RT  =  2  \3  =  1  =  1.  2  ohms 
2  +  3  5 


RECIPROCAL  METHOD.  The  reciprocal  method  is  also  used  to  find  total  resist- 
ance for  any  number  of  resistors  as  shown  in  figure  88,  This. method  required  more 
mathematics  than  the  others  mentioned.  The  formulas  used  for  this  method  s^re:  P 


R^ 


1 


1 

Rl 


1 

V 

or  % 


1  etc 
R3  Gt'C- 


1 

Ri 


1  1 
R2  +  *3 


■I  J 

>R2=40Q  < 
>  * 

etc. 

cc  .nir 

\ 

Figure  88.    Reciprocal  Method 
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nd 


Solution: 


i 


i 
i 


i  *  1 


h     R2  *  R3 


1 


1 


1 

5  +  40  T  20 


8  *  1  +  2 
TO      40  4U 


11 
Iff 


275  ohms 


Find  least  common  denominator 
(smallest  number  that  the  lower 
part  of  the  fraction  will  divide 
into  equally) 


Cross  multiply  (RT  x  11  and  1  x  40) 


11RT  =  40 


11R 


T  _ 


11 

R/p  — 


40 
11 


40 
IT 


3.  63  ohms 


Measurement  of  Circuits  Values 

It  is  essential  that  you  know  the 
correct  use  of  meters  in  a  parkllel 
circuit  if  you  hope  to  understand  the  * 
characteristics  of  this  circuit.  \  As 
in  all  circuits,  the  voltmeter  is  con- 
nected in  parallel  vffyle  the  ammeter 
is  connected  in  series.   (See  figure  89. ) 


.Figure  89.    Using  Meters  ~in 
s,  a  Parallel  Circuit 

fhP  f 6  in       mu£*ration  toat  th«  voltmeter  is  connecfed  in  parallel  or  across 

5?  m  TE!       y°?  T  measuring-   The  ammeter  is  connected  in  serie^auTnstences 
L  r  n,    CTBCted  6nd  t0  6nd  ^  the  comP°nent  you  are  measuring  Positions 
and  C  place  the  ammeter  in  the  main  line  to  read  total  current.   PosUion  D  has  the 
ammeter  measuring  current  in  only  lamp  1,  while  the  ammeter  af  pos  Sn  E  is  mL 
urmg  current  „  lamp  2,  and  the  ammeter  at  position  F  is  ^easurigtrreS  n  22?  3  < 
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SUMMARY 


A  parallel  circuit  has  two  or  more  units  of  resistance,  or  other  electrical  devices, 
connected  across  the  same  source  of  power  and  the  current  devices  among  the  various 
branches.   Each  unit  of  resistance  can  be  made*  independent  of  the  other  units.  The 
voltage  is  equal  in  a  parallel  circuit  or  ET  =      =  E2,  etc.   The  total  current  equals 
the  sum  of  the  current  passing,  through  each  branch  or  IT  =  Ij  +  I2,  etc.  The  total  re- 
sistance in  a  parallel  circuit  is  always  less  than  the  smallest  branch  resistance.  The 
total  resistance  can  be  found  by  the  product  over  the  sum  method, 

'  =  Rl  x  «2 


and  a  number  of  other  methods. 


R1  +  R2 


QUESTIONS 

1.  Why  is  the  voltage  drop  the  same  across  each  unit  in  parallel? 

2.  If  you  have  two  resistors  in  paraUel'and  another  is  added  (also  in  parallel),  will 
the  total  current  increase  or  decrease? 

3.  Will  the  total  resistance  increase  or  decrease  if  another  unit  is  added  in  parallel? 
4. 


Find:  RT 


5. 


Find:  R? 


Five  light  bulbs  are  connected  in  parallel.  If  one  burns  out,  what  happens  to  the 
To] lowing?  ' 

a.  Total  Voltage  ^  . 

b.  Total  Current 

c.  Total  Resistance 


00  n 

X*  #^  \j 


no 


ERIC 


8. 


9. 


The  total  current  in  a  parallel  circuit  is  equal  to  the 
of  the  current  in  the  individual  branches. 


ITOAMP 


Findf  Ei 


.  'i  E2 

>I|  =  2AMP.  < 

>  I2.»  m 

— 

Ri 

10. 


In  a  parallel  circuit,  the  total  resistance  is  always 
than  the  smallest  branch  resistance. 
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SERIES-PARALLEL  CIRCUITS 


OBJECTIVE 


The  objective  of  this  study  guide  is  to  help  you  become  familiar_with  the  purpose, 
construction,  and  circuit  value  measurement"  of  series-parallel  circuits. 

INTRODUCTION  '# 

rA  series-parallel  circuit  is  a  combination  of  .a  series  circuit  and  a  parallel 
circuit.  That  is,  some  parts  are  in  series  while  others  are  in  parallel.  These 
circuits  are  quite  often  called  combination  circuits.  ' 


INFORMATION 


USE 


Series-parallel  circuits  are  constructed  when  it  is  desirable  to  cause  a  voltage 
reduction  across-*  parallel  section  of  a  circuit,  or  to"  increase  the  resistance  of  a 
parallel  circuit. 

Series -parallel  circuits  are  not  very  often  used  in  lighting  and  power  wiring;  how- 
ever, in  certain  situations,  it  may  be  desirable  to  dim  the  lights.   If  so,  an  adjustable 
resistor  is  installed  in  series  with  a  bank  of  lights  which  are  wired  in  parallel.  This 
is  an  example  of  a  series -parallel  circuit. 


CONSTRUCTION 

A  series-parallel  circuit  is  a-  combination  of  a  group -of  resistors  in  parallel  with 
another  group  of  resistors  in  "series.* 

#» 

To  construct  a  series -parallel  cir- 
cuit^jfrrst  look  at  figure  90  which  has  1 
two  resistors  in  series,  then  refer  to 
figure  9i   which  has  two  resistors  in 
parallel.  Now,  if  you  confine  tjiese 
two  types  of  cimiits  into  or&r^s 
shown  in  figure  g2,   you  will  have  aV  1 
series -parallel  circuit. 


ri  R2 
^WW  WW 


Figure  90.    Resistors  in  Series 
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R3 


R4 


R1  R2 


R3 


R4 


X 


Figure  91.  Resistors  in  Parallel 


Figure  92.  Series -Parallel 
Circuit 


*  CHARACTERISTICS 

The  illustrations  shown  are  series-parallel  circuits*  Note  that  the  current  which 
leaves  one  terminal  of  the  power  source  passes  through  the  series  resistors  then  on 
through- the  parallel  resistors,  and  then  recombines  as  it  returns  to  the  other  terminal 
of  the  power  source.  The  rules  listed  pertain  to  series-parallel  circuits  containing  3 
or  4  resi$tors  connected  similar  to  the  circuits  shown. 


Voltage 


<  The  sum  of  the  voltage  drops  of  the  series  portion,  plus  the  voltage  drops  ac 
one  unit  of  resistance  within  the  parallel  portion,  is  equal'  to  the  applied  voltage. 

In  the  schematic  diagram  of^tfie 
series -parallel  circuit 'shown  in  figure 
93 ,  thesum  of  the  voltage  di$>ps  across 
the  series  resistors  Rj  and  R2,  plus 
the  voltage  drop  across  one  unit  of  rer 
sistance  of  the  parallel  portion  R3  or 
R4,  equals  the  total  volt-age  in  the  cir- 
-cuit.   Thus,  a»rule  regarding  series  - 
parallel  circuits  expressed  mathemat- 
ically would  be: 


ross 


Figure  93.  Series -Parallel 
Circuit 


E 


T  =  Ej.  +  E2  +  etc   (Series  Portion) 


+E3 


=  E4  =  'etc   (Parallel  Portion) 


Current 


The  sum  of  the  'currents  in  each  resistor  of  the  parallel  portion  is  equal  to  the 
current  in  the  series  portion  and  also'eqyal  to  the  total  current  in  the  circuit. 


I14  oo  , 

£~  <J  >^ 


In  the  schematic  diagram  of  the 
series-parallel  circuit;  shown  in  figure 

•  94,  the  sum  of  the  currents  flawing 
through  resistors  R3  and  Rj- equal  the 
"current  flowing  in  the  series  portion  of 
the  circuit  Rj  and  R2  and  also,  the  total 
current  flowing  in'the  circuit.  Thus, 
another  rule  of  a  series -parallel  circuit 
expressed  mathematically  is  I? 
l2=  &c  (Soiries  Portion)  =r J3  +  L 
(Parallel  Portion).   ,  *     .  q 

*  Resistance 


+  etc 


Rl 

R2 

R3  J 

>     R4  * 
1 

Figure  94.  Series-Parallel 
Circuit 


The  sum  of  the  resistances  in  the  series  portion  plus  the  total  resistance  of  the 
parallel  portion  equals  the  total  resistance  of  the  circuit.  '  "^stance  of  the 

In'the  schematic  diagram  of  the  * 
series -parallel  circuit,  shown  in  figure 
95,  the  sum  of  the  resistors  Rj  andvR£ 
added  to  the  total  resistance  of  R3  and 
R4,  in  the  parallel  portion,  equals  the 
total  resistance  in  the  circuit.  Thus, 
another  rule  expressed  mathematically 
is  RT  =  Rj  +  R2  ;  etc   (Series  Portion)  - 


R3  x  R4  (Product) 
R3  +  R4  (Sum). 
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Figure  95^Series -Parallel 
Circuit 


MEASUREMENT  OF  CIRCUIT  VALUES 


In  figure  96,  it  is  apparent  that 
^the  combined  current  whichflows 

through  resistors*R2  and  R3  must 
^flow  through  resistor  Rj  to  return 

t&  its  source  of  ppwer. 

The  best' procedure  in  solving 
this  problem  is.first  to  find  the 
equivalent  resistance  of-R2  and  R3. 
Substitute^ this  equivalent  resistor 
vfor  R^aiKlR3  resistors  and  re- 
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Figure  96.    Combined  Current  ir. 
Series -Tar  allel  Circuit 


duce  the  circuit  .to  a  series  circuit,  which  'would  draw  the  same  current  from  the 
source  of  power. 


11*5 


To  find  an  equivalent  resistor  for  resistance  R2  and,R3  apply  the  M Product  over 
Sum"  method  for  parallel  circuit  resistors: 

Rt  =12x12  .  6ohms 
12  +  12 


24V 
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R2  =  R2  and  R3         sq  ?R2 
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Figure  97.  Series  Circuit 
Equivalent  to  Series- 
Parallel  Circuit 


Figure  98.  Series -Parallel  Circuit 
with  Known  Values 


A  circuit  that  would  draw  the  same  current  as  the  series -parallel  circuit  shown  in 
figure  98  is  shown  in  figure  97. 


Now  apply  the  laws  for  a  series  circuit 

24 


Rip      6  +  6 


=  2  amperes 


The  voltage  drop  across  resistor  Rl  is:  Ej  =  Ij  x  Rj  =  2  x  6  =  12  volts 

The  voltage  drop  across  resistor  R2  +  R3  must  be  12  jvdlts  also,  because  the  sum 
of  the  voltage  drops  in  a  series  circuit  equals  the  applie/voltage  (24  -  12  =  12  volts). 
Now  you  have  the  information  shown  in  figure  98.    Applying:  Ohm1  s  law'to  the  two  par  • 
allel  resistors  you  find  that  one  ampere  of  current  flows  through;each  resistor  R2  and 
R3-  . 
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Figure  99.  Parallel  Circuit 


^    Figure  100.  Series -Parallel  Circuit 
with  Known  Values 
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^     As  an  example  of.the  effects  of  combining  a  series  circuit  and  a  parallel  circuit, 
replace  resistors  R2  and  R3  With  lamps  and  remove  the  resistor  in  series.   You  would 
see  that  the  lamps  would  burn  bright  because  each  lamp  would  draw  two  amperes  of 
current.    Figure  99  shows  this  circuit  construction. 

By  placing  a  6-ohm  resistor  in  series  with  the  tyro  lamps  as  shown  in  figure  100 
the  current  through  each  lamp  would  be  reduced  to  one  ampere.    The  lamps  will  then 
glow  dimly,  (The  brilliancy  of  the  lamp  is  relative  to  the  amount  of  current  passing 
through  the  lamp, ) 

SUMMARY 

A  series-parallel  circuit  as  the  name  implies,  has  the  characteristics  or  effects 
of  both  the  series  and  parallel  circuits.   To  solv§  problems  of  a  series -parallel  circuit 
it  is  necessary  to  find  an  equivalent  resistance  for  the  parallel  part  of  the  circuit,   A.  ' 
series  circuit  can  then  be  constructed  by  using  this  equivalent  resistance  in  place  of 
the  parallel  part  of  the  circuit.  Solve  the  series  circuit  for  total  current  and  voltage, 
then  substitute  taese  values  in  the  original  problem  and  solve  for  current  in  the  parallel 
part  of  the  original  problem, 

QUESTIONS  . 

1,  Referring  to  figure  93,  if  Rv  R2,  R3  and  R4  are  all  10-ohm  resistors  and  the 
alternator  is  delivering  100  volts: 

a.    How  much  voltage  is  drgpped  across  Rj? 

^b.    How  much  voltage  is  dropped  across  R£? 

c.    How  much,  voltage  is  dropped  across  R3? 

2,  Referring  to  figure  93,   if  the  current  is  4  amperes  at  point  "A,  "  what  will  the 
current  be  at  point  "BM? 

3,  Name  some  uses  of  series-parallel  circuits, 

4,  What  is  a  series -parallel  circuit? 

5,  What  are  the  effects  of  combining  resistors  into  a  series -parallel  circuit? 

6,  What  is  the  resistance  of  a  circuit  which  has  one  3 -ohm  resistor  in  series  and 
two  6 -ohm  resistors  in  parallel?  ,  * 

,  •> 

7,  What  is  the  equivalent  resistance  of  a  6-ohjji  resistor  and  a  12 -ohm  resistor 
connected  in  parallel?  v 

8,  What  instrument  is  used  to  measure  units  of  electrical  pressure? 

9,  What  instrument  is  used  to  measure  amperes? 

10.     How  does  connecting  a  resistor  in  series  with  a  parallel  circuit  affect  the  total" 
current  flow  of  the  circuit? 

117  '  * 
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TRANSFORMERS,  RECTIFIERS,  AND  POWER  SUPPLIES 


OBJECTIVE 


This  unit  of  instruction  will  help  you  become  familiar  with  the  construction  theory 
and  operation  of  transformers,  rectifiers,  power  supplies,  batteries,  and  transistors.  ' 

INTRODUCTION 

.  In  order  to  supply  the  correct  amount  and  type  of  voltage  for  some  equipment  it  is 
necessaryto  change  the  voitage  that  is  provided  commercially  to' the  using  site  To 
make^these  changes  of  voltage  certain  equipment  is  required.   This  equipment  is  cov- 
ered in  the  follo^rrng^section.  .  ~ 


INFORMATION 


SECTION  NO.  1,  TRANSFORMER 


Transformer  Construction 

A, transformer  is  composed  of  two  coils, ra  primary  coil  and  a  secondary  coil 
wrapped  around  a  core,  usually  made  of  silicon  steel.'  The  'two  coils  are  wrapped 
close  together  yet  electrically  insulated,  from  each  other.   The  coil  connected  to  the 
power  supply  is  called  the  primary  coil.   The  coil  connected  to  the  load  is  called  tne 
secondary  coil.   The  core  provid.es  a  way  for  positioning  the  coils  and  a  path  for  mag- 
<  netic  flux  lines.   Usually  the  core  will  be  laminated  silicon  steel  to  reduce  eddy  cur- 
rents and  hysteresis  ig  the  transformer.. 

•a  , 

Transformer  Theory 

You  have  been  taught  that  an  expanding,  and  collapsing  magnetic  field  will  induce  a 
voltage  within  the  circuit  itself  (self-induction)  and  within  nearby  circuits  (mutual  in- 
duction).  The  transformer  works  on  the  principle  of  mutual  induction.   See  figure  101 
As  ac  voltage  is  applied  to  the  primary  coil  it  causes  a  current  flow  that  produces  a 
magnetic  field.    The  expanding  and  collapsing  of  this  field  cuts  the  turns  in  the  sec- 
ondary coil  inducing  a  voltage  in  it.   The  amount  of  voltage  produced  in  the  secondary 
coil  will  depend  on  the  applied  voltage  and  the  number  of  turns  in  the  primary  com- 
pared to  the  number  of  turns  in  the  secondary.   The  amount  of  voltage  available  in  the 
secondary  will  depend  On  the  Power  Rating  of  the  transformer.   The  number  of  turns 
in  the  primary  compared  to  the  number  of  turns  in  the  secondary  is  called  the  turns 
ratio  of  a  transformer.  . 
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Figure  101.   Transformer  Action* 


Assuming  that  all  the  magnetic  lines  of  force  from  the  primary  cut  throueh  aU  the 
turns  of  the  secondary,  the  voltage  induced  in  the  secondary  wm%endT"hfn^ber 
of  turns  in  the  secondary  and  the  number  of  turns  in  the  primary,  ^example 
here  are  1000  turns  in  the  secondary  and  100  turns  in  the  prS  y.  Se  S induced 
in  the  secondary  will  be  10  times  the  voltage  applied-to  the  primary-  ^ 


x  100-1 

\     Since  there  are  more  turns  in  the  secondary  than  there  are  in  the  primary,  the 
transformer  is  called  a  "step-up  transformer.  "  See  portion  A  of  Figure  102.  'if,  on 
the  other  hand,  the  secondary  has  10  turns  and  the  primary  has  100  turns,  the  voltage 
induced  in  the  secondary  will  be  one-tenth  of  the  voltage  applied  to  the  primary: 
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Since  there  are  less  turns  in  the  secondary  than  there  are  in  the  primary,  the 
transformer  is  called  a  "step-down  transformer/'  See  portion  B  of  figure  102. 
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Figure  102.  Step -Up  and  Step -Down  Transformers 


SUMMARY 


The  main  purpose  of  a  transformer  is  to  increase  or  decrease  voltage.  The  three 
parts  of  a  transformer  are  primary  coil,  secondary  coil  and  core. 

A  transformer  operates  on  the  principle  of  MUTUAL  INDUCTION.  ' 

The  amount  of  voltage  induced  in  the  secondary  winding  of  a  transformer  depends 
on  the  ratio  of  turns  between  the  primary  and  secondary  coils.   This  ratio  is  directly 
proportional.  A  step-up  transformer  will  increase  the  voltage,  because  there  are 
more  turns  in  the  secondary  winding.  A  step -down  transformer  will  decrease  the 
voltage  because  there  are  fewer  turns  in  the  secondary  winding, 

QUESTIONS  ,  - 

1. .  Name  the  three  parts  of  a  transformer? 

2.  Which  coil  of  a  transformer  is  connected  to  the  ac  poyer  source? 

3.  What  is  the  purpose  of  the  core? 

"4.    Which  coil  is  connected  to  the  load? 

5.    If  120  volts  is  applied' to  a  10:1  ratio  transformer,  what  is  the  output  voltage? 
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6.  If  the  transformer  has  5  times  as  many  turns  on  the  secondary  as  it  has  on  the 
priftiary,  what  type  of  transformer  is  it  tailed? 

7.  \  transformer  with.a  1:10  ratio  is  what  type  transformer?  '  * 


8.  The  primary  of  a  transformer  has  110  volts  and  10  amps  applied  to  it.*  The 
ondary  has  1100  volts.    How  many  amps  does  the  secondary-carry?  * 

9.  What  is  the  principle  of  operation  of  a  Transformer? 
10.    Why  is  the  core  laminated?  -  ' 

REFERENCES  * 

1 .    Basic  Electricity,  By  Van  Vsgkenburgh 
P^^Pr^ctical  Electrical,  H.  P.  Richter 
3.    AFM  52-8,  Electronic  Circuit  Analysis 
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SECTIONNO.  2,  RECTIFIERS 


Purpose  of  Rectifiers  >^ 


A  rectifier  is  used  to  change  alternating  current  to  direct  current.   The,  direct 
current  that  comes  from  the  rectifier  will  be  pulsating  current  full  wave  or  half  wave. 
£ee  figure.  103.  , 
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Certain  equipment,  such  as  relay  coils,  will  operate  more  efficiently  on  direct 
current  Other  equipment,  such  as  electronic  equipment,  must  have  direct  current 
to  operate.   For  these  reasons,  rectifiers  were  developed  and  used. 

Dry  Disc  Rectifiers 

One  of  the  earlier  types  of  rectifiers  developed  was  the- dry  disc  rectifier'  This 

22*  Tr  It"  18  hmit6d  t0,  the  SUn°Unt  °f  CUrrent>  volta*e  and  he^  that  i  tan 
stand.   For  these  reasons,  dryjiisc  rectifiers  are  being  used  less  asimproved  sys- 
tems of  rectifiers  are  being  developed.  •  Vivvwuys. 

n   J?r?  drJ  difC  rectifiers  are  °*  the  selenium  iron  type,  which  consist  of  a  ore- 
pared  film  of  selenium  on  a  metallic  substance  such  as  iron.   See  figure  104  This 
allows  current  to  flow  more  readily  in  one  direction.   A  full  wale  dr^ disc  rectifier 
will  have  tour  terminals.   Two.  terminals  are  for  ac  input.    It  does  not  matter  which 
Y^LLCTerie^°  ?e  aC  terminals  bec^e  the  current  will  periodically^eyerse . 
IS   A  &  u    ?  he  dcKterminals  in  °rd"  to  maintain  the  proper  polarity  *  he 
unit.  A  dcVyoltmeter  can  be  used  for  this  purpose.  • 
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Figure  104.    Full  Wave  Dry  Disc  Rectifier  * 
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The  sumbol  of  a  half  wave  rectifier  is  drawn  like  this  — —       .  in 

this  course  current  flow  will  be  traced  against  the  point  of  the  arrow,  in  some  com- 
mercial drawings  current  flow  is  traced  with  the  arrow.   Be  careful  when  using  draw- 
ings containing  rectifiers.   See  figure  105  .  * 
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Figure  105 


Vacuum  Tube  Rectifiers 


In  the  beginning  of  radio  communication  the  receivers  were  quite  large  and  bulky, 
primarily  because  the  power  supplies  had  three  separate  batteries.   Batteries  were 
being  jsed  because  dc  power  was  required.  In  order  to  reduce  the  weight,  size  and 
inconvehigftce  6i  batteries,  a  power  supply  was  developed  that  could  rectify  available 
alternating^\\5r§nt*'to  direct  current.   This  power  supply  made  -use  of  a  vacuum  tube 
diode  to  accomplish  the  rectificatfc^i.   Figure  106  shfcws  a  typi&ril  example  of  this  <■ 
type  of  power 'supply^         X        I       "  \  4 
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Figure  107.   Full  Wave  Rectifier 


The  system  in  figure  107  uses  two  diodes  in  one  glass  container  called  a  duodiode 
It  provides  full  wave  pulsating  direct  current.    Filter  systems,  such  as  the  one  shown 

direcT" rrenuSc V*  *  ^  '°  °*      pvl3^nS  «*  P™*»  "  *™*h 


.Figure  108.   Rectifier  Circuit  With  Filter 

While  the  vacuum  tube  system  provided  a  high  voltage  dc  supply,  the  current  that 
could  be  sent  hrough  ttfi,  type  of  rectifier  was  quite  low!  Large^amounts  of  ^ace 
were  required  for  cooling,  the  tubes  and  transformers  and  the  size  of  the  equipment 
was  a  c^nsidejcaction. 
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Crystal  Rectifiers  j 

=0 


A  smaller,  qheaper,  and  moce  effi-  / 
cient  substitute  was  needed  for  the 
vacuum-tube.   Near  the  end  of  World  * 
War  II  such  a  device  was  developed.  • 
This  device  was  called  the  transistor. 

It  is  a  small  crystal  which  impurities  Figure  109.  Crystal  Rectifier 

have  been  added  and  is  called  a  semi-  Physical  Appeararice  * 

conductor.  They  have  the  advantages  * 
of  small  size,  solid  state  construction  and  ca^withstand  high  voltages  and  currents. 
Figure  109  shows  an  example  of  a  crystal  rectifier.  > 

The  principle-of  operation  of  the  crystal  rectifier  (diode)  is  that  current  will  flow 
more  readily  in  one  direction  than  in  the  other.  ^ 

SUMMARY 

A  rectifier  is  used  to  change  alternating  current  to  pulsating  direct  current. 
Types  of  rectifiers  are  dry  disc  Oselenium-iron),   vacuum  tube,  diodes,  and  crystal 
diodes.  The  symbol  for  a  rectifier  is 

)^  -      and.the  current  flow  of  the  circuit  is  traced  toward  the  arrow  point. 

QUESTIONS'     *  K  * 

1.  ^What  type  voltage  does  a  rectifier  circuit  produce? 
2:    Why  is. direct  current  required? 

3.  What  materials  are  required  for  a  dry  disc  rectifier? 

4.  What. limitations  does  a  dry  disc  rectifier  have? 

K 

5\    What  is  the  puipose  of/1  rectifier? 
i 

6.    Name  two  advantages  of  a  crystal  rectifier. 

r 
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SECTjbNNO.  3,  POWER  SUPPLIES 


There  are  twojoasic  types  of  batteries  and  both  of  them  produce  electricity  from 
chemical  action.   They  are  made  up  with  primary  cells  or  secondary  cells.   A  primary 
cell  is  not  rechargeable  and  is  discharged  when  its  chemical  action  stops  producing 
voltage.   The  dry  cell  flashlight  battery  is  a  good  example  of  the  primary  cell.  Even 
though  primary  cells  may  be  used  for  many  applications,  when  a  large  current  flow  is 
necessarv    he  storage  battery  or  secondary  cell  is  essential. 
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The  secondary  cell  works  in  a  sim- 
ilar manner  to  the  primary  cell.  The 
major  difference  is  that  in  the  secondary 
type  the  chemical  action  is  reversible. 
The  lead-acid  storage  battery  is  the 
most  common  one  used  in  (he  Air  Force. 
Take  a  look  at  its  construction,  figure 
110  shows  a  cutaway  view  of  a  6-volt* 
lead-acid  battery. 


The  positive  plates  in  this  battery 
are  made  of  lead  peroxide.   The  nega- 
tive plates  are  made  of  sponge  lead. 
All  of  the  plates  are  separated  from 
each  other  by  some  insulating  material, 
such  as  glass  which  is  called  a  separator 
These  plates  are  connected  together  and 
placed  in  a  container  with  a  separate 
compartment  for  each  cell.   This  con- 
tainer is  called  the  battery  case.  Three 
cells  are  connected  in  series  to  make  a 
6-volt  battery.   A  mixture  of  sulphuric 
acid  and  water  is  therf 'added  to  the  case,  ^ 

trolyte.    During  discharge:  that  is,  while ^electrical  power  is  being  taken  from  the 
battery,  the  sulphuric  acid  combines  cfy&micaily  with  the  plates  to  release  electrical 
energy. 
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Figure  H(h  Lead  Acid  Battery 
'The  mixture  is  commonly  called  the  elec- 


Since  the  acid  is  combined  with  the  plates  during  discharge,  the  condition  of  the 
battery  or  state  of  charge  can  be  meksured  by  measuring  the  amount  of  acid  in  the 
solution.   This  measurement  is  madfe  by  using  a  hydrometer.   (See  figure  111. )'  « 

Batterv,Banks 

There  are  times  when  batteries  must  be  connected  together.    This  is  called  banking 
Banking  may  become  necessary  for  different  Situations.   One  is  when  it  is  necessary  to 

>  charge  more  than  one  battery  at  a  time.   When  this  situation  arises  the  batteries  are 
usually  banked  in  series.    By  this,  the  positive  post  of  the  first  battery  is  connected  to 
tne  negative  post  of  the  second.    This  leases  a  positive  and  a  negative  post  to  be  con- 
nected to  the  charger.   If  more  than  two  batteries  need  to  be  banked  in  series  for  charg- 
ing they  may  be  connected  in  the  same  .way.   A  situation  which  requires  batteries  to  be 
banked  in  series  is  where  more  voltage  than  can  be  delivered  by  one  battery  is  reqUired 
For  example,  if  a  motor  crane  required  a  24-volt  battery  and  none  were  available,  two 
12 -volt  batteries  can  be  banked  in  series,  and  the  crane  can  be  operated  until  the'specific 

battery  needed  can  be  obtained.   Ycu  can  see  that  the  voltage  of  batteries  connected  in. 
series  is  equal  to  the  sum  of  the  voltages  of  thjb  batteries. 
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Figure  111,  Hydrometer: 

Series  is  only  one  way  in  which  bat- 
teries may  be  barfked.   While  they  are 
Ranked  in  series  for  Charging  or  when 
highei  voltage  is  needed,  they  may  also 
be  banked  in  parallel.  'Figure  112  hows 
two  6 -volt  batteries  banked  in  series  and 
two  banked  in  parallel. 

.  Parallel  banking  of  batteries  is 
used  when  there  is  acquirement  for 
more  amperage  than  can  be  furnished  ' 
by  one  battery,  but  no  increase  in 
voltage  is  desired.    A  good  example 
of  this  is  the  jwnper  cables  so  many 
people  use  in  starting  their  cars  in 
the  winter.  '  By  the  use  of  the  jumper 


SERIES 


PARALLEL 


Figure  112.  Battery  Banking 


cables,  the  batteries  of  two  cars  are  connected  in  parallel  without  having  to  disconnect 
the  batteries  in  either  car.  They  must  not  be  connected  in  series,  because  the  voltages 
of  the  two  batteries  would  add  and  you  would  damage  some  electrical^unit  on  the  car. 
Reroenffier,  that  to  increase  voltage,  you  bank  batteries  in  series,  but  to  increase  ) 
amperage  without  increasing  voltage,  bank  the  batteries  in  parallel.  ,  / 
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Battery  Chargers  .  * 

When  a  lead-acid  battery  is  discharged  it  should  be  recharged.   There  are  two 
types  of  chargers  which  may  be  used.  The  motor -generator  type,  ancf  the  ac  -  to.  -  dc 
rectifier  type.   The  motor-generator  is  used  by  telephone  exchanges  and  powerplants 
in  their  equipment  rooms.   The  ac  -  to  -  dc  rectifieris  the  type  used  on  Air  Force 
installation.  t 

Operation  by  forcing  direct  current  through  the  battery  in  the  opposite  direction, 
from  which  the  current  flows  during  discharge,  the  acid  is  driven  back  into  the  water 
solution  thus  restoring  the  electrical  energy  as  chemical  energy.    Most  chargers 
have  leads  marked  positive  and  negative.  The  one  which  is  marked  posi^e  connects 
to  the  positive  post  of  the  battery,  and  the  one  marked  negative  connects  to  the  nega- 
tive post  of  the  battery.   Thus  you  can  see  that  current  coming  from  the  charger  is 
forced  through  the  battery  in  the  opposite  direction  providing  the  voltage  of  the  charger 
is  higher  than  that  of  the  battery.   During  the  charging  period  a  constant  check  should  * 
be  kept  on  the  specific  gravity,  so  that  the  battery  can  be  removed  when  it  has  reached 
full  charge.    Figure  113  shows  an  ac  to  dc  battery  charger. 


Figure  113,   AC  to  DC  Battery  Charger-^ 
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QUESTiONS  '  • 

1.    How  are  the  cells  connected  in  a  lead-acid  battery? 
battery?  ^  *  ^  °f  Scid  m  the  electrolyte  of  a  lead-acid" 

3.  ^  Name  two  ways  to  connect  batteries  in  a  battery.bank.  ' 

4.  What  is  the  purpose  of  a  battery  bank?  ' 

5.  What  is  the  most  common  type  of  a  battery  charger  used  in  the  Air  Forc.e? 
Why  is  it  dangerous  to  smoke  arqund  a  battery  being  charged  ? 

battery  is^^gedT"  ^  *  "*  P°S*ive  >lates  **■  a 

REFERENCES 

1.  Basic  Electricity,      «Van  Volkenburgh 

2.  Practical- Electrical,  H.  P.  Richter 

3      AFM  52-8,  Electronic  Circuit  Analysis 

*  MAGNETIC  AMPLIFIERS 

Construction  f>f  Magnetic  Amplifiers 

in,H  Th*  m^et*c  amplifier  consists  of  three  essential  unjts,  the  control  winding  the 

wnln  a      gA  8ad.a  COr6--  The  C°ntr01  Windine  usua11?       many  turns  of  Zwfre 
wound  around  an  iron  Or  Silicon  steel  core.   The  load  winding  consists  o  k  few  tons 
i  £7  ^re   wound. around  the  core.   These  windings  are  not  electrically  conned 
ore    (See  fig^e^i4m)^etiCally  Unkedtogether  since  the?  are  wound  o/the  saTe ' 
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>^  CORE    (PONUT  SHAP£D) 

L 


LOAD 


Figure  11*.   Magnetic  Amplifier      '  i 

In  some  magnetic  amplifiers  a  rectifier  is  connected  in  the  load  winding  and  a 
choke  coil  is  placed  in  the  control  winding. 

Magnetic  amplifiers  are  made  in  many  shapes  and  sizes  but  they  all  operate  on 
the  same  principles.   They  may  have  square,  round  or  thre<Hegged  cores.  They  are 
sometimes  added  together  to  give  higher  amplification. 

Theory  of  Operation  ^ 

In  figure  115  direct  current  flows  through  the  control  winding  setting  up  a  dc  flux 
(in  one  direction)  in  the  core..  *  V 

An  ac  Source  is  connected  to  the  load,  alternating  current  flows  through  the  load * 
windmg  building  a  magnetic  field.  Since  the  current  is  alternating  the  flux  set  up  in  .Tie 
core  is  constantly  changing  in  magnitude  and  direction.   t  \ 

•      Within  the  core  exists  two  types  of  flux:  (1)  dc,  the  flux  created  by  the  direct 
current  ^vhichis  constant  in  magnitude  and  direction;  (1)  ac,  the  flux  created  by 
alternating  current  which  is  changing  in  magnitude  and  direction. 

The  ac  flux  tends  to  saturate  the  core  (fill  the  core  completely  with  lines  of  force 
which  causes  it  to  act  as  though  the  core  was  removed)  and  then  desaturate  the  core 
because  of  its  changing  direction.   This  results  in  a  changing  inductive  reactance  in  the 
load  winding.   This  changing  inductive  reactance  allows  us  to  lower  or  raise  the  power 
to  the  load.  The  dc  flux  aids  or  opposes  the  ac  flux  as  the  ac  flux  reverses  direction. 

The  load  windings  are  composed  of  a  few  turns  of  heavy  wire.  A  small  number  of 
turns  are  used  to  lower  reactance  and  large  conductors  are  used  tohandle  a  large 
current.  6 


The  control  winding  has  many  turns  of  fine  wire,  reactance-  does  not  have  to  be 
considered  since  it  is  connected  to  dc.   The  large  number  of  turns  builds  a  strong  nc 
magnetic  field  in  the  core  which  is  used  to  control  the  output  of  the  load.  In  many 
instances  dc  in  milliamps  is  used  to  control  in  amperes. 
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On  one-half  of  the  ac  cycle  the  ac  flux.is  aiding  the  dc  flux  and  on  the  other  half 

flux  on  half -of  the  cycle,  a  rectifier  is  placedJn  the  load  winding.  Since'it  is  almost 
impossible  to  keep  all  the  ac  flux  out  of  the  cTntrol  winding  a  choke  wil  is  instoUed 
The  choke  will  not  hinder  the  dc  in  the  control  winding  but  Ini fr 'to k  ee  the ctnging 
ac  tlux  from  inducing  an  alternating  current  in  the  control  winding  cnanging 
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Figure  115.  Magnetic  Amplifier  with  a  Choke  Coil  and  a  Rectifier 
SUMMARY 

There  are  two  basic  types  of  batteries  (1)  primary  and  (2)  secondary  cells  The 
most  common  rechargeable  type  used  in  the  Air  Force  is,  the-lead-acid  type.  The  ac 
to  dc  rectifier  battery  charger  is  gene  rally  .used  on  Air  Force  installations  for  re- 
charging lead  acid  batteries.   Batteries  can  be  banked  together  in  series  to  increase 
voltaga  and  connected  in  parallel  to  increase  current. 

The  main  parts  of  a  magnetic  amplifier  consists  of  a  control  winding,  a  load  wind- 
ing and  a  core.    Although  the  windings  are  not  electrically  connected  they  are  mag- 
netically linked  together  since  they  are  wound  on  the  same  core.  Magnetic  amplifiers 
are  used  to  control  a  large  current  in -the  load  circuit  with  a  small  current  in  the  con- 
trol circuit. 

They  are  rugged  in  construction  and  have  many  advantages  over  the  vacuum  tube. 
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QUESTIONS 

'1..   What  is  the  main  purpose  of  the  magnetic  amplifier? 

Name  the  three  primary  parts  of  the  magnetic  amplifier? 
What  type  current  is  uSed  in  the  control  winding? 
What  winding  is  the  choke  coil  connected  to? 
What  is  meant  by  saturation  of  the  core? 


\  2. 
3. 
4. 
5. 
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TRANSISTORS  • 

^  Basically,  the  transistor  is  a  valve  which  controls  the  flow  of  current  (electrical 
charges  in  motion)  through  it,  ,  <.u*r«u  veiecincai 

stanJo'6  Thaf8fiSt0r  iS  00I!siructed  in  two  Cerent  ways  from  a  semiconducting  sub- 
Son  lei^Z  V^T  I1"  thC  translstor  construction  'are  germaniuln  and 
silicon.   Relatively,  few  free  electrons  exist  in  pure  semiconductor  material.  The 

SSXh  l?layS  a  "^Jy  ^  distance  to  current,  but  not  quite  enough  to  be  • 
classified  as  an  insulator.  In  the  pure  form,  such  material  is  not  useful  for  diodes  or 
transistors    By  blending  in  with  the  semiconductor  material  a  amaU  amomt  ofa  suit- 
able impurity,  the  resistance  of  the  semiconductor  is  lowered  to  betteTfit  our  elec- 
tronic requirements.  w      uur  eiec 

Two  basic  types  of  materials  are  created  when  these  impurities  are  added  to  the  ' 
semiconductors.  They  are  known  as  N  and  P  type  semiconductors. 

frPP  ?i!5  N  tyPe'  fftimony  is  t0  the  P^e  semiconductor.  This  causes  additional 

.free  electrons  in  the  semiconductor  material,  thereby  lowering  its  resistance.  The 

5"g  material  is  described  as  N  type  because  of  the  free  electrons  which  carry  a  4< 
negative  charge.   Refer  to  figure  116.  y  * 


FREE  ELECTRONS  ATTRACTED 
TO  THE  POSITIVE  TERMINAL 


Figure  116.   Electron  Flow  in  N-type„Crystal 

Note  that  the  current  in  the  N-type  semiconductor  is. entirely  due  to  the  flow  of'the 
free  electrons  introduced  into  the  pure  semiconductor.  The  N  type  is  also  called  the 
donor  type,  since  it  donates  electrons.  . 

P-Type  Crystal  "  - 

A  different  kind  of  substance  can  be  blended  to  produce  the  opposite  effect.  In  this 
case,  the  material  that  is  added  will  substitute  holes  for  electrons.  These  holes  can 
be  treated  as  positive  charges  within,  the  material,  since  the  hole  is  the  lack  of  a  neg- 
ative charge.  -This  kind  of  semiconductor  is  called  a  P-type  semiconductor,  because 
conduction  is  by  means  of  these  positive  charges.   Figure  117A,  illustrates  how 
electrons  are  arranged  in  a  pure  semiconductor.  Most  of  the  electrons  are  like  balls 
in  a  box -tightly  packed  and  unable  to  move.  Only  a  few  electrons  are  on  the  top  layer 
and  free  to  move  about.   Figure  117B  shows  the  N-type  semiconductor  with.many  more 
free  e.ectrons  and  figure  117C  shows  the  P-type  semiconductor  with  holes  where  the 
tightly  bound  electrons  have  been  removed. 
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CTRONS    F^w  FR§£  ELECTRONS 
TIGHTLY 
BOUND 


MANY  FREE  ELECTRONS 


HOLES 


(A)  Pure  semiconductor        (B)  N- type  semiconductor       (C)  P- type  semiconductor 
Figure  1 17 .   Electrons  in  Semiconductor  Material 

Since  a  P-type  semiconductor  has  notes,  it  can  conduct  current.   Figure  118  shows 
how  the  electrons  and  holes  can  move  in  a  P-type  semiconductor.  As  an  electron  of  the 
material  moves  to  the  right  to  fill  a  hole,  it  creates  another  hole  in  the  place  it  left.- The 
electron  moved  to  the  right  and  the  hole  moved  to  the  left.  Since  the  hole  always  moves 
in  the  direction  opposite  to  that  of  the  electron  that  created- it,  it  acts  as  if  it  were  a 
positive  charge  in  the  material.  The  current  which  flows  in  a  P-type  semiconductor 
does  not  depend  on  free  electrons  as  in  the  case  of  the  N  type,  but  is  due  entirely  to  the  • 
tightly  bound  electrons  moving  in  and  out  of  the  holes  in  the  material—or  the  holes 
moving  through  the  tightly  bound  electrons.  That  is,  conduction  is  by  the  movement  of  v" 
positively^harged  holes.  v 


HOLES  MOVE 
TO  THE  LEFT 


A 
B 

C 


/-v,  HOLE 
^    HOLE  . 


ELECTRONS  MOVE 
TO  THE  RIGHT 


HOLE 


Figure  118.   As  an  electron  moves  to  the  right  to  fill  a  hole,  the  hole 
moves  to  the  lefft. 

i 

Figure  119  illustrates  a  P-type  crystal  with  a  potential  across  it.  It  is  important 
that  you  recognize  two  things  about  hole  current:  1.   Hole  current  flows  only  in  the 
semiconductor-material.   2.  The  direction  of  hole  current  is  toward  the  negative 
terminal  of  the  voltage  supply  (since  unlike  charges  attract). 

Notice  the  current  denoted  by  the  arrows  in  the  terminals  of  figure  119.  The 
number  of  "electrons  involved  in  this  current  is  equal  to  the  number  of  holes  involved 
m  the  whole  current.   Moving  holes  in  one  direction  (such  as  from  right  to  left  in 
figure  119) ,4s  equivalent  to  moving  electrons  in  the  opposite  direction.  The  P-type 
crystal  is  also  called  the  acceptor  type  crystal,  since  it  readily  accepts  electrons. 
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ELECTRON 

1 

POSITIVE  HOLES  MOVE  TOWARDS  THE  . 
NEGATIVE  TERMINAL  AS  THE  ELECTRONS 
FLOW  THROUGH  THE  SEMICONDUCTOR 

f 


Figure  119.  Hole  Current  Flow  in  P-type  Crystal 


Transistors 


posed  of  three  r^Jffi&'^i",^-  *S'*,,,^,,,r  C°°'- 
the  same  tvoe  of  crv«rtai  »hii*  ■  0  outSlde- regions  consist  of 

means  .Habere  EES  SSS&gZ  T 


BASE ' 

N 

P 

H 

P 

BASE^ 

N 

P 

COLLECTOR  , 

COLLECTOR- BASE  JUNCTION 


EMITTER- BASE  JUNCTION 


-R  •       1  EMITTER  %    '  ' 

Figure  120.  The  Two  Transistor  Types 

Transistor  Operation  \ 

The  main  current  flow  in  an  electron  tube  is  from  cathode  to  plate.   In  a  junction 
ransistor,  .the  main  current  flow  is  from  the  emitter  to  collector.  The  current  in 

ne  ™tnnn     ^°ntrwf  bJ  the  resistanc*°f  ^6  control  grid.  In  the  transistor 

» ^t, Passes  through  the  base.  The  base  is  the  controlling  factor  of  the  tran- 
sistor.  Regardless  of  the  type  of  transistor  (NPN  or  PNP),  an  increase  in  base 
current  reduces  the  resistance  of  the  transistor,  resulting  in  a  larger  value  of 
collector  current.   A  reduction  in  baSte  current  increases  the  transistor  resistance 
ana  s  smaller,  value  of  collector  current  will  flow. 

f~  ?\e       °f  toe  tons1*101,  should  exceed  that  of  the  vacuum  tube  because  the' 
snTnln0^3  5?  ^  \h"™  cathode.  Symbols  for  transistors  are 

*S£  132 t!  P  ySlCal  Zpipe*?™ce  of  m>ical  transistors  is  shown  In 
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PNP  TRANSISTOR 
NPN  TRANSISTOR 


EMITTER 


EMITTER  COLLECTOR 
Figure  121.  Correct  Symbols  of-the  Two  Types  of  Transistors 


COCLECTOR 


Figure  122.  Transistor's  Physical  Appearance 


SUMMARY 


The  transistor  is  constructed  of  two  types  of  semiconductors,  N  type  which  has  an 

5SV  the  P  tyPe  that  has  holes-  The"  are  two  typefof  trnitete™ 

NPN  type  and  PNP  typer-The  transistor  has  three  main  parts:  1.  the  base  2.  the 
collector,  and  3.  the  emitter.  -  ' 

Questions 

1.  What  are  the  two  types  of  semiconductor  materials? 

2.  What  is  added  to  the  semiconductor  to  give  it  better  conductabiUty? 
3-   What  causes  current  flow  in  the  l> -type  semiconductor? 

4.  What  causes  current  to  flow  in  a  transistor? 

5.  Where  is  the  output  of  a  transistor? 
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MODIFICATIONS 
^  .  - 

^<=^  of  this  publication  has  (have)  been  deleted  in 

adapting  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.     and  was  not  considered  appropriate 
(for  use  in  vocational  and  technical  education. 
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ELECTRICAL  AND  ELECTRONIC  FUNDAMENTALS. 

c   «  ~~  Exercise  I.    ELECTRON  THEORY 

OBJECTIVES    >  '  / 

tPrm?3  ff0™atlon  on  the  electr°n  ^eory  of  electricity' and  a  list  of  applicable 
terms  and  definitions;  match  each  term  with  the  correct  definition.  pp.ucaDle 

oo  J!*6?  lnformatlon  on  electron  theory  of  electrical  current  flow,  complete 
statements  pertaining  to  current  flow  in  conductors.  complete 

diagr^efo°rbirrV1^  ^'h^?  °!  ele5lr*aI  current  and  voltage  waveforms,  draw  »  ' 
diagram  for  AC.  DC.  and  pulsating  DC  .waveforms.  - 

EQUIPMENT 


<   SG3AfeR54230-l-M  — 10 
Osciilos^e 

Trainer,*Missile  System  Electronic 
Circuitry 

PROCEDURES . 


Basis  of  Issue 
l/s^udent 
1/10  student 

1/10  sfudent 


1.  Bel 
trical  term 


Project  1 

^ow  you  will  find  varioi^  terms  and  definitions.  In  the  blank  beside  the  elec- 
Jrm  place  the  letter-thai  represents  the  correct 'definition. 

a.    Negative  particle  of  an  atom 


(1)  Compound 

(2)  Mixtures 

(3)  ^Elements  -~ 

(4)  Atom  • 

(5)  Proton 

,  (6)  Neutron 

(7)  Electron 

(8)  Positive  ion 

(9)  .  Negative  ion 

(10)  Atomic  weight 

(11)  Atomic  number 


b.  Substance  that  can't  be  decomposed 
any  further  by  ordinary  chemical 
aqtion. 

c.  An  atom  that  has  lost  an  electron 

d.  Protons  plus  the  neutrons 

e.  A  material  with  electrons  easily 
freed 

i 

f*     Positive  particle  of  an  atom 

g.  Two  or  more  elements  combined 
chemically 

h.  *    Stored  energy 

i.  *  Uniform  movement  of  electrons 

in  a  conductor* 


13 
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"V 


-a 


33? 


(12) 

Conductor 

J 

✓(13) 

K 

(14) 

Insulator, 

1 

(15) 

Potential  Enpr^v 

\XV) 

m 

Kinetic  Energy 

(17) 

Static  Electricity 

n. 

(18) 

Dynamic  Electricity 

(19) 

Induction 

o. 

• 

(Electromagnetic) 

(20) 

^Conduction  » 

P- 

(21) 

q- 

Potential  difference 

(22) 

Current 

r. 

(23) 

Resistance 

s. 

t. 

*  • 

9 

u. 

but  no  chemical  change 


can  participate  in  ordinary  chemi- 
cal change 

n.     Particle  of  an  atom  with  no  charge 


electrons 

p.     Opposition-  to  current  flow 

The' number  of  protons  or  i 
of  electrons 


an 


n  electric  curre 


nt 


v.     The  force  that  moves  electrons 
*  .  .in  a  conductor 

w.     The  process  of  producing  voltage 
by  the  relative  motion  of  a  magnetic 
field  across  a  conductor 


major  groups  pf  matter:  (a) 


(c) 
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Electron  flow  in  a  circuit  is  from  to 
List  the  four  most  common  forms  of  energy: 


b. 


d. 


Like  charges  .  ,    ■         each  other. 

Unlike  charges  W  each  otheri 

Project  2  •s* 

Answer  the 'following  questions. 

What  is  the  structural  difference  between  conducting  materials  and  insulating 
materials0  ■ 


What  are  the  laws  of  attraction  and  repulsion  between  two  charged  bodies? 


If  an  irregularly-shaped  conducting"  body  is  chargfd/*the  charge  will  concentrate 
on  the  parts  of  the  body  which  have  the' 


curvature. 


List  the  practical  unit  of: 
a.  Current 


b.  Potential  difference 

c.  Resistance 


i6  1 


5.   Give  the  symbol*  symbols  used  to  indicate  the  following  practical  units 


a.  Volt 


b.  Ampere 

c.  "  Ohm 


6.   Defme  the  ampere; 


7.   The  OHM  may  be  defined  as  the  resistance  which  will  limit  the  current  to  one 
ampere^jvhen  the  electrical  pressure  is: 


3.   List  three  factors  other  than  temperature  which  determine  the  resistance  of 
wire: 


a. 

b. 
c. 


9.  'A  wjre  12-feet  long  has  a  resistance  of  8  OHMS.   What  is  the  resistance  of  36 
feerof  the  same  wire? 


10.  Underscore  the  correct  statement  or  statements: 

A  good  .conductor:   (a)  has  few  free  electrons;  (b)  is  called  a  dielectric: 

(c)  has  a  high  conductance:  (d)  has  a  low  temperature  coefficient. 

c 

■    '  Project  3  * 

L  .Draw  the  wavef6rms  for  AC.  DC.  and  pulsating  DC  and  the  symbols  for  AC  and 
DC  generators. 

Waveforms  *  Symbols 

«     t  A*C  (a)   ■  •  .  >  DC  Generator 

DC  (b)  ,  AC  Generator, 

.  '  (Alternatpr) 
*  »  * 

Pulsating  % 
DC  (c) 


17. 
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Exercise  LL  MAGNETISM 


OBJECTIVES 


Given  information  on  the  theory  and  application  of  magnetism  and  a  list  o:  terms 
and  definitions,  match  each  term  with  the  correct  definition. 

Given  information  on  the  theory  and  application  of  magnetism,  complete 
statements  pertaining  to  the  application  o?* magnetism. 

Using  previously  given  information  on  the  theory  of  magnetism,  a  galvanometer, 
magnet,  soft  iron  bar,  and  a  length  of  copper  wire,  perform  an  experiment  to  produce 
an  electrical  current.  * 


EQUIPMENT 

SG  3ABR54230-1-I-1-- 10  ,  f 
Trainer,  Electrical  Fundamentals 


Basis  of  Issue 

1/student 
1/10' student 


procedures 

Project  1 

1.    Place  the  number  of  the  definition  beside  the  term  it  represents. 


a.  ^Relu'ctance 


_b..  Residual  Magnetism 


_c  Permeability 
_d.   Magnetic  Screen 


_e#   Magnetic  Induction 


f.   Lines  of  Force 


g.  Magnet 
« 

h.  Retentivitv 


,  1.    The  ability  to  easily  conduct  lines,  of* 
"   force        .  * 

2-.   A  device  that  protects  delicate  mstru^ 
ments  from  magnetic  lln&  of  force 

3.  Opposition  to  lines  of  force 

4.  The  magnetism  tfrat'  remains  in  an 
object  after  the  magnetizing  force  has 
been  removed  > 

5.  Action  of  producing  magnetism  in  iron  or 
steel  by  the  action  of  lines  of  force  or  a  - 
magnetic  field 

6.  Imaginary  lines  used  for  convenience 
to  designate  the  direction  in  which 
magnetic  forces  are  acting 

7.  Area  where  lines  of  force  enter  and  ' 
leave  a  magnet  t 

3.    Metal  which  has  the  property  of 

attracting  and  repelling  other  pieces  of 
.  magnetic  metal  - 
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i.   Magnetic  Poles 


j.   Magnetic  Circuit 


9.   Complete  path  of  magnetic  lines  of 
force 

10.   Ability  of  a  material  to  retain 
*-  magnetism 

Project  2  a  1 


1.   Place  two  magnets  end-to-end  so  the  two  north  poles  are  opposite  to  each  ot: 
as  shown  below:  ■ 


ler 


2.  Slowly  move  the  magnet^ggether.   Notlce  u  ^   tend  t     u  - 
other.   Answer  the  followme  Questions:  P  n 


following  questions: 

a.   This  experiment  shows  that  LIKE  POLES 
EACH  OTHER.  — 


b.   If  one  magnet  was  turned  so'a  north  j5bie  was  opposite  a 
magnets  would 
Why?. 


opposite  a  south  pole,  the 


•  L!lan!  I?661  °f  PaPur  °n  t0pi0(  a  magnet  25  shown  below«   Then  shake  some  iron 
filings  on  the  paper  m  the  area  above  the  magnet. 


heet  of  Paper 


Sheet  of  Paoer 


Magnet  Under  Paper 


0  Magnet  Under  Paper-. 

4  Tap  the  paper  slightly,  notice  the  formation  of  the  iron  filings/  Answer  the 
following  questions:  &  u,c 


a.  Where  did  most  of  the  iron  filings  form'? 
~  Wh'y° 
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5.  Draw  the  magnetic  lines  of  force  and  indicate  by  arrows  the  magnetic  direction  of 
flow.   Use  the  figure  below  and  show  lines  of  force  within  and  outside  the  magnet. 


(Also  vse  compass. ) 


3 


6.    Answer  the  following  question^: 

a.  Magnetic  lines  of  force  will  not 
each  other. 


b.  The  direction  of  magnetic  lines  of  force  is  always 
t0  |  outside  of  a  magnet. 

c.  A  magnet  field  can  be  bent  by  a 


d.   Magnetic  lines  of  force  (can,  cannot)  be  insulated.    (Mar,k  out  one. ) 

7<  Take  a  bar  magnet  and  stroke  it  against  a  piece  of  soft  iron  as  shown  below.  After 
several  strokes,  see  if  the  iron  will  pickup  a  small  paperclip  or  iron  filings. 


8.   Answer  the  following  questions: 

a.   The  magnetism  which  stayed  in  the  s&ft  iron  is  called 


b.   The  magnet  will  make  iron  filings  magnetic,  by  magnetic 


c.  .Two  things  which  will  cause  magnets  to  lose  their  magnetism  are 
  and  , 
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10.  What  is  meant  by  magnetic  pol6s  ? 


«;SS,5  °n  the  molecular  theory  of  magnetism,  determine  which  material  repre- 

:ss:PrPS: and  which  13  not>  by 


b. 
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n2«hLSD^g  a  dra)vin8JcontaiDing  a  magnetic  screen  located  between  the  poles  of  a 
ontSofTe.  1      ^   "       "  UneS       arr°WS  the  path  and  dlrectl0n  taken  b 


Project  3  ... 

1.  Using  a  galvanometer,  two  lengths  of  copper  wire,  and  a  soft  iron  bar  arrange 
these  components  to  make  a  circuit  similar  to  the  drawing  shown  in  figure  4. 

2.  Move  the  iron. bar  from  the  north  pole  to  the  south  pole.  Notice  "any  indication  of 
movement  of  the  galvanometer  pointer.  ' 

a.    Did  the  galvanometer  pointer  move0  „  , 
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b.   If  not,  then  how  could  you  cause  the  galvanometer  pointer  to  move? 


Figure  4.  Simple  Generator 


3.  With  the  same  iron  bar  used  in  figure  4,  .move  it  at  right  angles  to  the  magnetic 
field  between  the  north  and  south  pole.   Notice  the  galvanometer  pointer  movement. 

a.  Did  the  meter  pointer  movement  increase? 

b.  Why* 


c.   Did  the  voltage  change  direction  as  the  lro^fcar.was  moved  back  through  the 


magnetic  field  0 
* 
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4.  Demonstrate  to  the  instructor  how  the  current  flow  direction  mav  be  determined 
with  the  use  of  the  generator  left-hand  mle.  \  a 

5.  -  Answer  the  following  questions: 

a.  ^  The  process  of- getting  a  meter  indication  when  an  iron  bar  is  moved  through  a 
magnetic  field  is  called 


b.    To  getThe  maximum  voltage,  a  conductor  must  move  at  what  angle  to  a 


magnetic  field 


Whv?" 


.  c.    When  using  the  generator  left-hand  rule  the  first  finger  will  point  to 


d<:  Hew  may  the  voltage  be  increased  using  the  same  generator9 

  ■  — —  > 

s.    Name. the  thrpe  things  necessary  to  produce  a  voltage: 

">••'  w  .  _J  '  '. 

.(2)  ___   •  '  - 

*  .   irr  «  .  1^  

%r  Define  electromagnetic  induction.  * 


s 


6.  The  direction  of  the  magnetic  field  around  a  current  carrying  conductor  depends 
on*  the    -   of  the  -  in  thtf  conductor. 


27h 


77 


I!  r10      I6  5  det6CC  11  the  CUrrent  is  £lowmS  toward  y°u  ^  placing  a  dot  ()  in  the' 
froTyou       aPPr°Pmte  draWlt*  ««  a  Plus  «  »       drawing  with'current  goug  away 


/        '     /     '    A  ^  \   \     \  \ 


,  f  t 


/ 

/ 


-     »  O   ;    !  ; 

v      v      N     "  -  -  *     /      /  i 


5  — " 

Figure  5.   Determining  Direction  of  Current  Flow  in  a  Conductor 

•  8  Mndic&te  the  direction  of  current  through  the  coil  in  figure  6  in  order  . to  establish 
.  fluarin  a  clockwise  direction  through  the  iron  core.        •       •  establish 


Figure  6.   Determining  Current  Flow  in  a  Coil 


/ 


4 
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9.  Show  by  means  pf  arrbws  the  flux  in  the  iron  core  when  current  in  the  coil  flows 
from  ft  to  B  in  the  drawing  in  figure  7. 


•  1 

« 

) 

c 

) 

c 

) 

c 

) 

c 

V 

~*  ~ 

Figure  7.   Determining  Direction  of  Flux  in-Iron  Core 


10.  In  figure  8  below  determine  and  mark  the  polarity  of  tfte  iron  cores  and  show 
the  paih  and  direction  of  the  flux  by  means  of  arrows  and  lines. 


—  « 
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Figure  8.   Determining  Polarity 
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11.    Figure  9  shows  a  coil  winding  that  will  produce  the  magnetic  polarity  in  the 


core. 


Figure  9.   Determining  Polarity 

12.  The  instructor  will  demonstrate  three  (3)  types  of  Waveforms  on  an  oscilloscope 
Dra^y  and  label  each  of  these  three  demonstrations. 


a. 

b. 
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13.  Place  the  number  of  the  'definition  beside  the  term  it  represents. 

 a.-  Frequency 

b.     Sine  Wave 


c. 


>  tycle 


d.  Period 

e.  Amplitude 

f.  Average 

g.  Instantaneous 

h.  .  Peak 

r 


1.  360°  electrical  degrees. 

2.  Average  of  all  the  instantaneous  valine 
during  one  alternation. 


3.  .  The  value  of  voltage  or -current  at  one 
particular  instant.  '  - 

A.    The  .highest  voltage  reached  on  the  " 
positive  or  negative  alternation. 

5.  The  number  of  cycles  per  second. 

6.  A  graphic  illustration  of  electrical 
forces.  « 

7.  The  distance 'from  zero  to,  the  maximum 
ualue . 

*  8.  '  The  time  in  ^econds  or  fractions  of  a 
second,  required  to  generate  one  cycle 
of  alternating  voltage.  A  ■ 

i 


f 
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Exercise  in.  REACTANCE 

OBJECTIVES 

Given -information  reactance  in  AC  circuits,  complete  statements  pertaining  to 
indue  tivfe  and  caoacitive  reactance. 

*  Using  the  information  given  on  reactance  and  a  list  ot  terms  and  dafinuio.is, 
match  each  term  with  the  correct  definition.  •  -* 

»♦ 

Given  a  programmed  text,  identify  symbols  used  in  electrical  ani  electronic 
fundamentals. 

EQUIPMENT  Basis  of  Issue 

SO  3ABR54230-1M-1-T1Q       <  *  1  student 

2TPT-310D-01-Lntrodjctior.  to  Electrical  Symbols  1  student  4 

Trainer*  Reactance  comparison  *  1  '10  student 

PROCEDURES 

Pro 'feet  1 

1\    Answer  cne  fallowing  questions  pertaining  to  Inductance  and  Capacities, 
a.    What  are  tr.ree  : actors  that  affect  inductance0 

•       1.   r_  ;  ^  > 

2.   .  .  . 

3. 


b.     What  type  of' Phase  relationship  does  an  inductive  circuicproauce ° 


c.    What  are  :ne  tnree  factors  whscn  effect^apacitance? 


i.-  What  type  oi  Phase  gglartonship  co<*s  a  capacuive  circuit  produce0 

*■  :  :  ^  


29 
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e.   What  are  the  three  parts  of  a  capacitor0 
1. 


2. 
3. 


1.  Place  the  number  of  the  definition 
 a .   Indu  c  tanc  e 

b.  Caoacitance 


c.-— 'Reactance 


_d.   Current  Leads 
Voltage 

e.  Impedance 

f.  Counter  EMF 


g.  Inductive 
Reactarce 

_h.  Capacitive 
Reac  tance 


_i.   Voltage  Leads 
Current 

.  Henry 

Farad 

1.  Microfarad 


Project  2 
beside  the  term  it  represents. 

1.  The  direction  of  induced  current  is 
always  such  that  its  magnetic  field 
opposes  the  motion  that  produced  u. 

2.  That  property  of  a  circuit  which  J 
opposes  any  change  in  the  rate  of 
current  flow. 

3.  Unit  of  measurement  fbr*inductance. 

4.  ^Basic  unit  of  caoacitance. 

t  '  f 

5.  One-millionth  farad. 
*  6.   Capacitive  circuit. 

<5.   Ability  to  store  electrical  energy. 

r 

8.  Electrical  characteristic,  outside  of 
resistance,  which  impedes  the  flow  y 
alternating  current  m  a  circuit. 

9.  Inductive  circuit. 


#0.   Ail  of  the  opposition  in  a  circuit.  , 

hi.    It  is  meSStired  in  ohn;s  and  its  symbol 
isXL,   ■  k 

12.    It  is  measured  m  ohms  and  its  svmbo! 
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2.  Complete  this  project  by  placing  the  number  of  the  symbol  beside  the  term  it 
represents,  .  .  * 


a.    Inductive'  reactance 


b.  Inductance 

c.  Capacitance 

d.  Capacitive  reactance 
_e,  Impedance 

: .  Reactance 

y 

g.  Microfarad^. 


1.  X 


Project  3 

l.^Read  and  complete  the  program  text,  2TPT-3100-01,  Introauct\on  to  Electrical 
SvmboLs,  you  have  been  issued. 


f 
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METERS 


WB  3A BR 54 2 30^  1-6 
July  1975 


OBJECTIVES 


Given  information  oi  multimeter*,  complete  statements  on  the  selection,  uso  and 
care  of  electrical  test  instruments,  ,  j  . 

_  Using  a  mulumfeter  and  c3ndirc:or/rainer,  measure  and- record  reading  oerinent 
to  resistance  and  voltage.  3  ' 


EQUIPMENT 

.  SG  3ABR54230-1-I-1-- 10 
Trainer.  .Conductor 
Trainer.  Multimeter 
Multimeter,  TS  297V 
Qhmmeter.  ANPSM2A 
Multimeter.   Clamp-on  type  AN  USM-33 


Basis  of  Issue 

1 /student 
1  'student 
1  '1-6  student 
1  student 
1  '10  student 
1/10  student  • 


Project  1 

1.    Answer  tne  following  questions  (fer taming  to  meters. 


a.  When  measuring  an  unknown  voltage,  what  voltage  scale  Should  vou  use  wnen  ^ 
using  a  voltmeter0  ,  '  ' 


o.    What  is  tne  purpose  of  the  megonmmeter  (insulation  tester)0 


c.    Whv  should  yoj  never  use  an  ohmmeter  on  a  live  circuit0 


n.   What  is" the  max: mum  ccrrer.c  a  c  lamp-multimeter  will  read?" 


e.  What  is  the  maximum  size  conductor  the  clamp-multimeter  can  hanale  oro- 
.aen  ir/e  current  is  witnin  the  range  x  trve  meter0 
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Project  2 


\ 

1.  USmg  a  multimeter  type  TS-297  'U,  a  testfeoard,  and  the  drawings  of  the  multime 
^      listed  on  the  following  pages,    complete  the  following  statements  or  questions,  ' 

a,   Sat  your  multimeter  to  read  resistance.   Have  your  instructor  check  your 


meter. 


b.   Check  wire  number  1.   The  ohms  reading  is 
What  does  this  reading  mean? 


g.   Check  Wire  number  2.   The  m^ter  reading  is 
What  does  this  reading 


d.   Check  wire  number  3.   The  meter  reading  is 
What  does  this  reading  mean? 


e.    Check  wire  number  4.   How  much  resistance  xfe  in  this  circuit?* 


f.    Check  wire  number  5,    The  meter  reading  is  ■* 


g.    Using  the  meter  and  wire  number  6  explain  wffatrgie  a  switch  plays  in  a 
'  circuit.  -  4  . 


\ 
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CAUTION.   DO  NOT  USE  THE  METER  TO  TEST  VOLTAGE  kjiTIL 
INSTRUCTOR  TELLS  YOU  TO  DO  SO.  • 

h.  Select  an  electrical  outlet  located  on  the  wall  in  the  classroom  and  check  tfe 
amount  ot  voltage  available.  um.      cnecK  tne 


What  was  the  voltage  reading? 


i.   Return  the  board  and  meter  to  your  instructor. 


s 

c2  6/ 


-  ACTUAL 
RfcSlSlANCt 


MULTIPLY  RE.  ADDING 
BY  10 


«3> 

•  MULTIPLY  R£ A«0tNG 
BY    W    ^  , 


) 
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a  .  WB  3ABR51230-1-I-7 

,      *  OHM'SXWAND  SERIES  CIRCUITS  '  ^1975 

Objectives  -  -  * 

.      piven  dhnvs'law  for.muirShd-itwo  known  values,  solve  for  the  unknown.  •  ' 

\4eCiesVcircnuuniCa0n'!  °"  *  C.U*CUlt-  *a  Che  COniuclov  tralnei'  c°  ^iruc:  a 

'  Dsxng  previously  construAed  series  circuit.'  m^sure  and  record  voltare  and'- 
current,  then  apply  Ohm'sVlaw  to-calculate  resistance  and  power  ° 
^»  V 
Given  scenes  circuit  problems,  use  Ohm'i^w^solve  for  unknown  values. 

.  EQUIPMENT  B         r,  '  ' 

:  '  Basis  of  Issue  . 

5G  3ABRp4230-l-I-l--l0  '  *■  ,  Qh  .  A 

.  rrainer^  Conductor      ,  .  '/s^  if— 

•Trainer,  Electrical  Fundamentals    ,  -f  1/lOSfcdent  /  "  , 

.  PROCEDURES'  *  /  ^ 

-  •       PROJECT. 1  f 

v  .  .  '  .  y 

•  I.   Compiete  che  following  questions  pertaining  to  ohm's  Law 
\  0 
.     a.    Given  a  voltage  of  12  volts  and  current  of  2  .amps,  find  the  Power 


b.   Given  a  Jattage  of  200  watts  and  a  current  5  alnps.  find  the  voltage 


c 


2on  ^«2  =  3on. 


Rt  = 


d.   Given  a  voltage  of  60  volts  and  a  resistance  of  20.  ohms,  find  the  current 


41 
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2.  Complete  the  following  by  filling  in  the  blank  spaces. 

a.   What  are  the  three  essential  components  of  all  electrical  circuits9 


b.  A  simple  circuit  contains  a 
and  a  A  * 

c.  Voltage  and  current  are 


,  a 


d.  Current  and  resistance  are 
other. 


proportional  tove^ch  other, 
 proportional  to  each 


e.   A  series  circuit  contains  a1 


•  and  a 


i's  liaw 


-f,   Ohm's  L/aw  equations  are:  ,  ) 

a.  E= 
b'.  1= 

p.   R=  '  , 
*  g,    Tne  characteristics  of  aperies  circuit  are: 
a.   Et*  = 

h.  Tne  sum  of  the  voltage  drops  .in  a  series  circuit  is 
tb  the  applied,  voltage. 

i.  The  current  in  any  portion  of  a  series  circuit  is 

to  the  total  current.  >  — 


;.  The  sum  of  resistance  in  a  series  circuit  is 
to  the  total  of  resistance. 


k.  Povver 


times 


L   A  unit  of  Pow&r  is  caiiecfa 


Project  2 


fx 


\       JSL    ?  correct  symbols,  draw  a  simple  circuit  cont«uuDg  a  single-pole  single- 
throw  <SPSD  Switch,  ruse  and  lamp  socket  with  a  100-watt  lamp,an  ammeter:  'and  In 
alternator  as  a  power  supply.   Draw  the  circuit' in  the  block  below 


CAUTION    Before  proceeding  to  the  next  step,  remove  your  jewelry.  Before 
wiring  a  circuit,  make  sure  that  all  safety  and  disconnect  switches  are  in  the 
OFl  position.   Have  your  instructor  check  your  work  before  turning  switches 


2    Have  the  instructor  check  your  diagram,  then  wire  the  circuit  on  vwr. trainer 
Place  a  100-watt  lamp  in  the  lamp  socket.   Have  instructor  check  your  wirine  befcre 
you  apply  power  to  the  circuit. 

<? 

3.  Plug  in  pow/r  lead  and  close  the  switch.  Take  the  measurement^  the  following 
and  record. the  readings  in  the  space  below.  ,  \   -  *  D 


a.   Applied  voltage  (Et)=  v 

n.    Voltage  drop  across  Tamp  (Ei)  = 

c.   Current  in  the  circuit  (It*)  = 


volts. 
_volts. 
amps. 


4.  Disconnect  power  from  .the  circuit;  the  using  OHM's  law  and  power  formula 
determine  the  resistance  and  wattage  of  the  lamp*  v^ 


Resistance  - 
Power  * 


ohms, 
watts. 


5.  If  voltage  is  increased,  would  the  current  flow  through  the  circuit  decrease  in- 
crease,  pr  remain  the  same  °      *  •  *        '  ff 
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6,   Using  the  correct  symbols,  draw  af  series  circuit  containing  a  fuse,  -  (SPST/  Switch 
and  two  lamp  sockets  with  a  100-watt  and  150-watt  lamp,  and  an  ammeter.    Place  the  ' 
^>    amm^tei:  to  read  the  total  current  flow  through  the  circuit.   An  alternator  is  used  as  a 
power  supply.   Draw  circuit  in  the  block  below.  -         }.  ;  ,  * 


*  • 

i 

7.   W«re  the  circuit  on  the  trainer  according  to  your  drawing  and  have  your  instructor ' 
check  your  work.                                         '                  w           s  .                 ^  ' 

This  circuit  has 

\ 

path(s)  of  current  flow.  N^ 

8.    Plug  in  the  power  to  the  circuit.   Measure  tft 

e  following  and  record  the  indications. 

-/ 


a*  Applied  Voitagef 

b.  Voltage  drop  across  Lamp  1 

i  c.  Voltage  drop  across  Lamp  2 

d.  Current  in  the  circuit 


'(Et)f 

<«!>/" 
(E2V  = 

(It)  = 


volts 
volts 
volts 
amperes 


9.  Using  the  information  obtained  from  Step  3,  Ohm's  law  and  power  formula,  find 
the  answers  for  the  following: 


LAMP  1 
El 

h  


LAMP  2 
E2   


.h 


*.  R2 


1 


TOTALS 


Rt 

Pt 


a.  The 

b.  The 


c.   The  current  is 


of  the  resistors  equals  the  total  resistance.     .  * 
of,  the  voltage  drop  equals.the  applied  voltage. 
'   in  -  all  parts  of  the  circuit. 
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10.  Add  a  third  lamp  socket  with  a  2*00-watt  lamp  to  tHe  series  circuit.  Have  yoir 
instructor, check  your  circuit.   Draw  circuit  in  the  box  below. 


Will  the  lamps  burn  dimmer  or  brighter? 
Whv° 


'  \  '  

11.-  Plug  in  power  to  the  circuit.  Measure  the  following  and  record<the vmeter 
indications. 


a.  Applied  voltage 

b.  Voltage  drop  across  Lamp  1 

c.  Voltage  drop  across  Lamp  2 

d.  Voltage  drop  across  Lamp  3 


(Et)  = 
(22)  = 


volts 


(E3)  =  1 


volts 
_volts  y 
volte 


amperes 


e.   Current  in  the  circuit  is 

k   ;  ;  

12.  Using  the  preceding  lhf or rftation  from  Ohm's'  law  and  powQr,  formula,  find  the 
answer  for  the  following- 


LAMP  1 


LAMP  2 


LAMP  3 


h 

p. 


L 


Rr 


TOTALS 


13.    Is  there  more  current  in  this  circuit  than  in  the  preceding  circuit? 
Why°        *     .  . 


(4)  How  much  current  flows  through  L  t 


-  l4   j  ^  I- 


\5)  What  is  the  total  current  in  the  circuit?.  I  ^ 


b.  ,  Referring  to  the  diagram  below,  calculate  the  following 

R2  ' 

I    ■  A/WVW  


—  120V 


40v< 


 •  Rt   1_.  Pt   .  - 


(2)  What  is  the  currenc  flow  in  the*circuit? 


c   Calculate  the  following  after  analyzing  the  diagram  below. 


A  j  WW 

w  24V 


-  4  A 

'  3  Q  <  R2 

1  *     10  Q 


I  — ■  VVWWN/ 

Rl 


•Ri  >  'h         ii  Et  e3 

 :  ■  "p2  i  *      ■  Pa 


d.   Using  the  diagram  below,  calculate  the  following  information. 


r—  /VWW*- 

T    J  R4  i  2  n 


T 


Rl  =  6  a 

-A/WVW 


R3  >  i  n 
R2  £  3a 
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(4)  How  much  current  flows  through  L  t 


-  l4   j  ^  I- 


\5)  What  is  the  total  current  in  the  circuit?.  I  ^ 


b.  ,  Referring  to  the  diagram  below,  calculate  the  following 

R2  ' 

I    ■  A/WVW  


—  120V 


40v< 


 •  Rt   1_.  Pt   .  - 


(2)  What  is  the  currenc  flow  in  the*circuit? 


c   Calculate  the  following  after  analyzing  the  diagram  below. 


A  j  WW 

w  24V 


-  4  A 

'  3  Q  <  R2 

1  *     10  Q 


I  — ■  VVWWN/ 

Rl 


•Ri  >  'h         ii  Et  e3 

 :  ■  "p2  i  *      ■  Pa 


d.   Using  the  diagram  below,  calculate  the  following  information. 


r—  /VWW*- 

T    J  R4  i  2  n 


T 


Rl  =  6  a 

-A/WVW 


R3  >  i  n 
R2  £  3a 


47 
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(1)  Voltage  droprtacross  each  resistor. 


LJ 


(2)  Tocal  current  flow  in  the  circuit. 


e,   Using  the  diagram  below,  calculate  the  following- 


(1)  Rj  = 

(2)  E2  = 

(3)  P1  = 

(4)  It=_ 


R2  R3 
10  OHMS         40  OHMS 


Rt  = 


■  P3=. 


V 


Take  this  worksheet  to  your  instructor  and  have  him  check  your  work. 


Checked  by 


Ins  true  tor*' 
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WB  3ABR54230-1-I-8 


PARALLEL  CIRCUITS 


OBJECTIVES 


Given  instructions  on  a  parallel  circuit,  use  the  conductor  trainer  to  construct  a 
parallel  circuit.  i      .  .  4 

Using  the  previously  constructed  parallel  circuit,  record  meter  readings  of 
voltage  and  current  and  calculate  resistance  and  power. 

Given  parallel  circuit  problems,  use  Ohm's  law'to  solve  for  unknown  values.  ' 

EQUIPMENT  \  ■  -    ,c    -  T 

*  Basis  of  Issue 


SG  3ABR54230-1-I-1--10 
-Trainer,  Conductor 

PROCEDURE 


1/Student 
1/Student 


e  co 


Project  1 

Complete  the  following  projects.   Read  the  instructions  carefully  aid  be  su* 
have  the  instructor  check  where  indicated.  .  \ 

CAUTION:   REMOVE  ALL  JEWELRY. 

Be  sure  there  are  no  short,  circuits  and  all  connections  are  tight. 

!*ino°"1S^U,Ct  a  Slmple  CU'CUlt  corttaimnS  a  fuse,  (  SPST)  switch,  one  lamp  socket  with 
a  lUO-watt  lamp,  and  an  ammeter.   Draw  the  .circuit  in  the  block  below. 


2.  Wire  the  circuit.with  the  equipment  given  to  you  by  your  instructor.  Have  tr« 
instructor  check  youtr  wiring. 


3.   Apply  power  to  the  circuit.   Measure  the  following  and  record  the  mdic 


belowe 


ations 


a.   Applied  voltage  (Et), 


b.    Vpltage  drop  across  the  lamp  (Sj.) 


volts 
volts 
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&    c.   Current  in  the  circuit  (It)  =  __ampsres 

4.   Using  the  information  obtaine^rom  question  3,  Ohm's  law.  and  the  power  formula 
determine  the  answers  to  the  following-  "miuw,^ 

\ 

LAMP 

El  =  '-  _V01C  Er  =  volts 


:1  - 


TOTALS  X 

volt 

V 

amperes 

ohms 

watts 

V 

amperes 


Rl  =  onms  Kf  =  ohms 

Pl  "  __waccs  Ft  =  watts 

5.   Using  the  correct  symbols,  draw  a  dilgram  of  a  oarallel  circuit  containing  a 
fuse,  single-pole  single-throw  switch,  and  two  lamp  sockets  with  a  100-watt  and  150- 
watt  lamp,  and  an  ammeter  to  measure  total  current.  '  Label  the  lamp  nearest  the 
source  of  power  Lx  and  the  other  L„.   Draw  the  circuit  in  the  block  below 


•6.  Using  the  above  diagram,  wire  the  circuit  on  a  trainer.  Have  an  instructor  check 
your  wiring.  "  , 

7.  Apply  power  to  the  circuit.   Measure  the  foilowing  and  record  the  indications 
be  lew: 

* 

Applied  voltage  (Efc)  =  ^  volts 

-  'x  Voltage  drop  across  Lamp  1  (E^)  = 
'      c.    Voltage  drop  across  Lamp  2  (E  )  = 


d.   Current  in  the 'circuit  (Ifc)   ^j/mperes, 

(1)  Did  the  total  current  increase  when  L2  was  added  to  the  circuit?  ' 


Why? 


50 
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(2)  Did  the  cotal  resistance  of  the  circuit  increase  or  decrease? 


Why 


8.  Disconnect  the  power.  Move  the  ammeter  to  measure  the  current  in  I/,  circuit 
Then  mbve  it  to  measure  the  current  in  L2  circuit.   Record  your  answers  Below: 

-    a.  Current  m  Lj  (Ii),  '  ;  amperes. 

b.  Current  in  L2(I2),   ;  ;  amperes. 

"  c.   Does  the  sum  of  the  current  through  Lj  and  L2  equal  the  indication  given  by 
the  main  line  ammeter? 
Why? 


9.  WithThe  information  you  have  obtained  above  and  the  use  of  Ohm's  law  and  the 
power  formula  find  the  answer  for  the  following: 

4 

LAMP  1  LAMP  2  TOTALS 

Ei       *     '  E, 


1   E2    Et   1 

Rl  '  .   *2   .  Rt   

pi  ;       '    ?2   p 


t 


a.   Is  the  volfage  drop  across  each  branch  equal  to  the  applied  voltage? 


Why? 


b.   What  formula  did  you  use  to  find  the  total  resistance? 


c.   Is  the  current  the  same  in  each  branch  circuit? 


Whv? 


51 
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10  Use  the  diagram  belo^  and  (w^re  the  circuit  with  the  equipment  given  to"  you  by  vour 
instructor.   Have  an  instructor  check  your  wiring.  * 


ERLC 


11.  Apply  power  to  the  circuit.  Measure  the  following  and  record  the  indications 
below: 


a.  Applied  voltage  (Efc)   

K  Voltage  drop  across  Lj  (E^) 

c.  Voltage  drop  across  L*>  (E2) 

d.  Voltage  drop  across  Lg  (Eg) 


volts. 


_volts. 
volts. 


volts. 


12.  Place  an  ammeter  in  each  branch  circuit  and  measure  the  Allowing: 

a.  Current  in  Lamp  1  (1^  =  ^amperes. 

b.  Current  in  Lamp  2  (I2)  =  _  amperes.' 

c.  Current  Ux  Lamp  3  (Lj)  =   ^  ^amperes. 

13.  With  the  information  you  have  obtained  and^the  use*of  Offm's  law  and.th^power 
formula,  find  the  answers  for  the  following: 


LAMP  1 


LAMP  2 
/ 


LAMP*  3 
Eo 


TOTALS 
E, 


p, 


i 


Rr 


I 


3 


I 


a.  The  voltage  drop  across  each  parallel  bcanch,equals  the 
voltage.  ' 


b!  The  total  current  is  the 
branches. 


52. 


of  tne  current  in  all  the  parallel 

■  * 
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V 


c.  The  total^resistance  is  always 
resistance. 


than  the  smallest  branch  - 


mustd;nnrL^'Crrent  tacreasefi  (voltaS*  remaining  the  same)  the  total  resistance 
must  increase,  decrease,  remain  the  same.   (Circle  one.) 

fhVhf  PPJyv5f  prinTeiples  oi  0hm's' law  to  the  circuit  below  and  record  your  answers  in' 
the  blanks  below:  Do  not  construct  circuit.  answers  in 


LAMP  1 

E  

I 


LAMP  2 
E 


I 


LAMP  3 

'  E   

I 


R  4  ohms 


R  6  ohms 


R  3  ohms 


TOTALS 
E  12  volts 
I  , 
R 


Disassemble  and  store  trainer 


Proj^t  2 


1  Observing  all  rules  of  parallel  circuits,,  apply  Ohm's  law  and  the  power  formuli  to 
determine  the  following  information  from  the  circuits  below:       '       <        tormutt  to 


a. 


(1)  E, 

(2)  It 

(3)  Pf 


E3-_ 
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2.  A  resistor  of  120«ohms  is  connected  acm«?<?  a  i9n  „„w  '  '  , 
ance  must  be  added  in  parallel  tc ^crease  Se  total  PPly'  *°W  much  resist" 


tai  current  to -two  (2)  amps? 


3.  Three  equal  resistors  connected  in  parallel  have 


$ind:  Rj 


a  total  resistance  of  25  ohms. 


R2=- 


 }  - 


4.   Three  equal  resistors  that  are  c 


R3  = 


Rt= 


Take  this  worksheet  to  your  instructor.   He  will  eheck 


your  work. 


Checked  by 


instructor 


f 
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SERIES-PARALLEL  CIRCUITS 

OBJECTIVES 


<=2 

\p  3ABR5423C-1-I-9 


st^^^^^5'9^  CirCUiV  use  «e  conductor  tramer  to  con- 

Using  the  previously  constructed  series -parallel  circuit,  record- meter  readings  * 
of  voltage  and  current  to  calculate  resistance  and  power.  •  reaain§s 

Given  series-parallel  circuit  problems,  use  ohm's  law  to  solve  for  unknown  .* 


values . 

EQUIPMENT 

SG  3ABR54230-1-I-1--10 
Trainer,  Conductor 


Basis  of  Issue 

1 /Student 
1 /Student 


PROCEDURES 

Project  1 

Complete  the  following  projects.  .  Read  the  instructions  carefully  and  be  sure  to 
have  the  instructor  check  where  indicated.'  '  ure  t0" 

CAUTION:  Remove  all  Jewelry. 

Be  sure  there  are  no  short  circuits  and  all  connections  are  tight. 

'  ?'  ?£aW  a  ?ifSrara       construct  a  parallel  circuit  containing  a  fuse,  SBST  switch 

Ei&Tioir  • Have  the  mstructor  check  *our  wiring- Draw  *e  d^ram  - 


2^  Apply  power  to  the  ci*cuif.   Measure  the  following  and.  record  the  indications  * 


'LAMP  TOTALS 
El  =   volts  £  = 


•volts 
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amperes 


^2  =  volts 

}l  -    '  amperes       It  = 

=  amperes 

t3.  'Using  the  information  obtained  from  step  2  Ohm's  law  and  the  power  formula 
determine  the  answers  to  the  following; 

•    *  *  , 

Rl  =  Qhms  Rt  =  ohms    R2  =  ohms 

m  Pl  =   :  watts     '        pt*  =  [  watts    P2  =  watts 

4.   Using  the  diagram  that  was  drawn  for  the  paraltel'circuit  in  project  1,  a<fd  a 
150-watt  lamp  (L3)  in  series  with  Lx  and  Lg.   After  completing  this  diagram,  construct 
the  circuit.   Have  the  instructor  check  yqur  wiring  before  applying  power.  Draw  the 
circuity  the  block  below.  > 


5;  Apply  power  to  the  circuit.   Measure  the  following  and  record  the  indications 
below: 

a.  Applied  voltage  (Et )  ,   '  voIts< 

d.   Voltage  drop  across  lamp  1  (E^  =  .  v  volts. 

c.  Voltage  drop  across  lamp  2  (E2)  =  volts. 

d.  Voltage  drop  across  lamp  3  (E3)  =  .  volts. 

e.  Current  in  the  circuit  (It )  =   'amperes. 

(if  Did  the  total  current  increase  when  L3  was  added  to  the  circuit? 

 *  Why? 

,  (2)'  Did  the  total  resistahqe  of  the  circuit  increase  or  decrease9 

°  0 

 Why?" 


58  302. 


6  Disconnect  che  pow&r.  Move  the  ammeter  to  measure  the  current  in  circuit 
Then  move  it  to  measure  .the  current  in  Lj  and  L2.  Record  your  answers  below.  ' 


a.  Current  in  L3  (Ij) 

b.  Current  in  Lj  (Ij) 

c.  Current  in  L2  (I2) 


amperes. 


n»cb?'  ?K°eS  ^e  SUm  °f  curVent  RaSSInS  through  Lj  and  L2  equal  the  current 
pasfeing  through  series  resistor  L3  and  also  the  total  current? 


_Why^ 


.7.  With  the  information  you  ha<'e  obtained  above  and  the  use  of  Ohm's  law  and  the 
power  formula  find  the  answer  for  the  following 


LAMP  1 


LAMP  2 


R, 


LAMP  3 
E3   


R2 
P. 


I 


TOTALS 

Et   

I 


t 


nl„  Is  vo!ta^e  dr°P  across  0rte  branch  of  the  parallel  portion  of  the  circuit 
plus  the  voltage  drop  across  the  series  resistor  e^ual  to  the  applied  voltage?  * 


Why? 


b.   What  formula  did  you  use  to  find  the  total  resistance^ 

7 


^c.   Is  the  current  the  same  in  each  branch  of  the  parallel  portion  of  the  circuit? 
 Why? 


8.  Use  the  following  diagram  and  wire  the  circuit  with  the  equipment  given  to  you  by. 
your  instructor.   Have  an  instructor  check  your  wiring. 
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9^  Apply  power  to  the  circuit.   Measure  the  following  and  record  the  indications  \ 

*  a.  ^Applied  voltage  (E  t)  '  '  ^to 

*    b.   Voltage  drop  across  LWEi)  = 

1     l'    -  ,  *  volts 

«  »  — — 

c.   Voltage  drop  across  L2  (E2)  =  -  lt 

d    Voltage  drop  across^^E^)  =  volfcs 

e.  Current  in  Lamp  1  (Ii) 

V  ■  amperes 

.   f.   Current  in  Lamp  2  (I9)  .        .  v 

t  —  ;  amperes 

g.   Current  in  Lamp  3  (U) 

■  «J/   amperes 

foV^f^  i?0rmation  y°u  have  obtained  and  the  use  of  Ohm's  law  and  theTbower  ^ 
formula,  find  the  answers  for  the  following:  •  power 

*  * 

TOTALS 


I<AMP  1 

LAMP  2 

LAMP  3 

/Si 

E2 

R,  ' 

R3 

pi 

Et 
't 
Rt 
,pt 


serie"  ^SjrtS.T"       ^  ^  dr°P  °f  016 


b.   The  total  current-is  the                                 '  nf  fKo  <        ...  „ 

the  parallel  branches.  of  016  dentin  all 

^ ;  f  Ihe  t0t^  res,istance  of  Parallel' portion  of  the  circuit  plus  the  total  rests-* 
.ance  of  the  series  portion  of  the  circuit  equals  the  '- 


d.  As  the  current  increases  (voltage  remaining  the  saAe)  the  total  resistant 
must,  increase,  decrease,  remain  the  same,   (Circle  one)*  resistance 

Disassemble  and  store  your  trainer  board. 


3T)  4 
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Project  2 


1.  Apply  the  characteristics  pertaining  to  series -parallel  circuits  and  the  principles 
of  Ohm's  law  and  the  power  formula  to  the  following  circuits  and  record  your  answers 
in  the' blanks  provided.    Do  not  construct  the  circuits.' 


a. 


•N3 


LAMP  1 

F  

I 


LAMP  2 

E  

I 


R  2  ohms  R  8  ohms 

P  P 


LAMP  3 

E  

I 


TOTALS 


Et    120  volts 


Lt 


R    24  ohms  R 


t 


b, 


2  n 


V  i2oy 


R2  >  2s\ 


R3  >  6  JT. 
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erJc 


e. 


h  

El  

Rt   . 

E*t     120  V 


h 

E2 


t. 


A4 

Ei 


R1 

6  -TL 


R6 

-vwv 

2  J\ 

I 


R2S  36  A 


2 
*5 


E5 


R3 

■AAA/V 
5 


R5 

9  J\  '* 


R4  >  4n 


Ft        120  volts 


Take  thislvorksheet  to  your  instructor.    He  will  check  your  work. 

Checked  by  

63 


"(Instructor) 
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WB  3ABR54230-1-I-10 
.  July  1975 

TRANSFORMERS,  RECTIFIERS,  AND  POWER  SUPPLIES 

,  *  Exercise'I.  Transformers 

*  OBJECTIVES  '     '    *  & 

Using  a  schematic  and  nomenclature  pertaining  to  transformers,  label  the  three 
main  parts.  *  . 

Given  an  incomplete  schematic  and  required  information,  draw  the  secoSSary 
windings  of  a  transformer,  including  the  output  voltage  value. 

Given  a  drawing  qf  a  transformer  showing  the  number  of  primary  and  secondary 
turns  and<the  applied  voltage  and  current,  use  the  turns  ratio  formula  to  determine 
the  secondary  voltage  and  current.  , 

Given  a  list  of  statements,  a  schematic  and  required  information,  complete 
statements  pertinent  to  use  of  transformers  in  electronic  circuits. 


EQUIPMENT 

SG  3ABR54230-1-I-10  • 
Trainer,  Electrical  Fundamentals 

PROCEDURES 


Basis  of  Issue 

I/Student 
1/10  Student 


)  .     Project  T 

i 


.Answer  the  questions  and  complete  the  drawings  in  this  project. 
1.   Name  the  three  parts  of  a  transformer  by  filling  the  blanks; 


/  . 

)  c 

> 

> 

>  ; 

> 

> 

2 

i 

/ 


t  « 


2.   Is  this  a  step-up 


3.   What  is  its  turns  ratio? 


or  a  step-down 


<9  * 

4.   If  10  volts  is  applied  to  the  primary  coil  what  will  be  the  output  voltage? 


A 


9 


.65 


9 
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5.    If  the  current  is  2*amps  in  the  priirfary  what  is  the-current  in  the  secondary?- 


Project  2  ■  — 

Complete  the  drawing  and  answer  the  questions.  -  *  *  * 

1.    Tvhe  transformer  below  is  a  step-down  doorbell 'transformer.   Draw  the  correct 
number  of  windings  on  the  secondary  side. 
1      '         t  . 


1 2  VAC 


□3. 


0 


J 


2.    What  is  the  ratio  of  this  transformer? 
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■  t 

1.  Coiiiptete  the  drawm 


RRiVURY 


SECONOARY 


(1)  Find  the  Secondary  Voltage. 

c  SE  

(2)  Find  the  Secondary  Current. 

4 

SC 


Project  4 


1^  Complete  the  following  statements  pertinent  to  the"  use  of  transformers  in 
electronic  circuits. 


I15VAC 


PRIMARY 


S  I 


Gi 


S2 


'VACUUM  TU8E 


SECONDARY  t 


JYYYYYYV 


(1)  Rectifier  circuK  with  filter.  "  </* 

(2)  Step-down  transformer. 

a.   What  is  tlje  purpose  of  the  center  tap  Gi  of  the  secondary  of  the  transformer? 


b.   Will  the  current  flow  be  more  or  less  thah  the  primary  current? 


c.   Are  all  transformer  cones  made  out  of  silicon  steel? 
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Exercise  n.  Rectifiprs 


OBJECTIVES  , 


Give  a  schematic  and  nomenclature  pertaining  to  rec  t  if  iersf  label  the  main 
parts.  » 

I'Sing  the  schematic  of  a  rectifier  circuit,  trace  one  alternation  of  current  through 
the  circuit  by  using  arrows  to  indicate  direction  of  current  flow.* 


EQUIPMENT  u   '  • 

3ASR54230-1-I-1— 10 
"Trainer,  Missile  System  Electronic  Circuitry 
Oscilloscope 


Basis  of  Issue 

1  /Student 
1/10  Student 
1/10  Student 


\ 


PROCEDURE 

4* 

v  project  1 * 

1.  Complete  this  project  by  labeling  the  main  parts  of  the  rectifier, 
a. 


Figure  10.  Rectifier  symbol 
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Project  2 

Complete  this  project  by  tracing  tne  circuits  required  and  filing  in'xhe.blaniw. 
The  output  wavefarm  ot  c  tiali  wave  rectifier  circuit  is 
To  smooth  out  pulsating  carect  current  use  a 

Trace  one  alternation  of  current  through  the  resistor  circuit  in  diagram  below. 


X  cMfi  a 


4,  What  will  determine  the  voltage  output  of  the  circuit  above? 

5. -  Mark,  the  ^negative  terminal  with  a  minus  (-)  and  the  positive  terminal  with  .i 
plus  (J  of  the  resistor  above. 


s 
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Exercise  ID.  Power  Supplies 

\  Objective  4  4  • 

-  Given  a  list  of  incomplete  statements' and  r<*uired  information,  complete  state- 
ments  pertaining  to  batteries.     •  * 

4  Giv^n  aflist  of  questions  pertaining  to'  electrical  and  electronic  power  supplied  and 
required  ^formation,  answer  questions  on  use  of  power  supplies. 

Gi/en< a  drawing  of  a  magnetic,  amplifier  *  label  the  three  main  parts.  . 
EQUIPMENT 


;  (    Basis  of  Issfte  ' 

S3SABR54230.1.I.1..10    ,         -  1/Studenf  — 

Trainer,  Battery  Charger  i/jp  Student 

PEOCEDURE  *  '  '  * 

Project  1 

1.  Complete  the  following  statement  pertaining  to  batteries: 

a.   What  do  you  do  to  the  voltage  when  you  connect  batteries  in  parallel"? 


ty  oFa  1 


b.   What  is  used  to  check  the  specific  gravity  oFa  lead-acid  battery? 


c.   What  are  the  two  types  of  battery  chargers  that  may  be  used? 

(1)  ,  • 

(2) 


d.   Why  should  you  not  smoke  around  a  battery  being  charged? 


r 


313 

70  -  - 


2,   Answer  the  questions  and  complete  the  drawings  in  this  project. 


a,  Conaect  the  batteries  in  series  and  parallel  bjnks  by  drawing  lines  to  the 
proper  terminals.  * 


a 

© 

© 

a 

D 

a 

D 

© 

e 

r  •  a 

(A)  Parallel 


r 


1 

C) 

D 

*.  © 

9 

a 

D 

'(B)  Series 


*  Figure  11 

bt  Which  battery  bank  will  deliver  morQ  voltage? 

-  (B) 


.(A) 


c.  Connect  the  battery  charger  to  the  battery  by  drawing  lines  to  the  proper 
terminals.  *  "  * 


0 

> 

figure  12 
Project  2 

1.  Complete  the  following  statements. 

a. .  What  is  the»material  called  that  transistors  arje  constructed  from? 


b.  What  are  the  two  basic  materials  created  when  impurities  <are,  added  to  the 
semiconductors?  *  *  , 


(1)' 


(2) 
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c.  An  N-Type  crystal  has   electrons. 

d.  The  transistor  has  three  main  parts.  Name  them:  1 

(i)       ,  -%:  " 

»   ■  :  '  ■  . 

(3)  

e.  Draw  the  correct  symbols  for  an  NPN  and  a  PNP  transistor. 
,  (1)  NPN   (2)  PNP 


Project  3 


Label  each  part  of  this  magnetic  amplifier. 
(2)  ,_  

o)  ;   

(4)  ■  .  

(5)  _  .  

(6)  v  * 
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Department  of  Civil  Engineering  Training  SG  3ABR54230-1  -II -1 

Sheppard  Air  Force  Base,  Texas  Aug^  ^75 

NATIONAL  ELECTRICAL  CODE,  ELECTRICAL  TERMINOLOGY 
AND  BLUEPRINT  READING  ' 

OBJECTIVE  .  • 

Upon  completion  of  this  unit  of  instruction  you  will  be  able  to* 

1.  Locate  specific  facts  pertaining  to  wiring  in  accordance  with  the  National  Electrical 
Code. 

*  » 

2.  Recognize  terminology  common  tp  the  electrical  field. 

3.  Recognize  symbols  and  parts  .of  blueprints. 
INTRODUCTION        "  . 

This  study  guide  is  directed  to  aid  you  in  understanding  the  language  used  in  the 
electrical  trade    In  order  to  understand  any  trade,  you  must  first  understand  the  rules 
terminology,  and  symbols  of  that  trade. 

INFORMATION 

NATIONAL  ELECTRICAL  CODE 

The  National  Electrical  Code  (NEC)  is  a  commercial  publication  that  sets  the 
z^T?  ^1  standard  for  electrical  work.  The  Occupational  Safety  and  Health  \cf 
IUSHA)  has  made  the  NEC.a  mandatory  federal  standard,  binding  under  force  of  legal 
sanctions.  Its  use  will  help  insure  safe,  accurate  work.  Since  this  book  will  be  your 
/major  guide  in  all  electrical  work,  you  should  fully  understand  and  use  the  book  as  it 
is  intended.   Prior  to  returning  to  class  tomorrow  read  Articles  90  and  110    As  you 
study  the  NEC  you  will  notice  the  layout  of  the  book; .Chapters,  Articles,  Paragraphs 
and  Subparagraphs.   There  is  a  table  of  contents  in  the  front  of. the  book  and  an  alpha- 
betical index  in  the  back.   You  may  find  it  easier  to  use  the  alphabetical  index  at  first 
or  until  you  become  familiar  with  the  code." 

< 

SUMMARY  * 

<  /■* 

The  National  Electrical*Code  (NEC)  is  a  commercial  publication  used  by  the  Air 
Force  to  insure  minimum  safety  standards  for  electrical  installation.  -Your  under- 
standing and  knowledge  of  the  code"  will  insure  your  safety  as  well  as  the  safety  of 
those  that  live  and  work  around  the  electrical  systems  you  install ' 


.  1 
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QUESTIONS  m 

1.    Mandatory  rules  in  the  National  Electrical  Code  are  characterized  by  the  word 


2.    Identified  as  used  in  the  National  Electrical  Code 


means 


3 .    The  National  Electrical  Code  is  divided  into  '  chapters 


i .    Where  is  the  best  place  to  start  to  locate  information  in  the  N.  E .  C 


9 


5.  The  N.  E.  C.  contains  provisions  considered  necessary  for 

6.  The  conductors  and  equipment  for  delivering  energy  from  the  electrical  supply  . 


system  to  the  wiring  system  of  the  premises  served  is  called  a 
7.    Definitions  are  located  in  what  article  in  the  N.E.C.  ? 


8.    Tables  and  exampies  are  located  in  what  chapter  of  the  N.  E.  C.  ? 


•  BLUEPRINT  READING  AND  ELECTRICAL  TERMINOLOGY 

A  picture  is  worth  a  thousand  words.    Man  has  used  pictures  to  convey  his  mean-  - 
ings  for  centuries.  It  w0uld  be  difficult  for  an  engineer  or  inventor  to  describe  the 
exact  size,  weight,  texture  and  height  of  an  object  without  a  drawing  of  some  type  It 
.  •  would  be  difficult  for  a  machinist  to  build  a  simple  object  from  a  word  tlescripVion    A  * 
drawng  can  convey,  to  the  person  who  is  to  fabricate  the  object,  the  size,  shape  or 
location  of  holes.    Whether  the  drawing  is  freehand  or  made  with  mechanical  aids  it 
is  neaded  to  convey  the  necessary  information  to  the  people  who  will  fabricate  or  as- 
semble the  object.  '  . 

Lines  • '  , 

* 

To  include  all  necessary  information  on  a  drawing  in  a  manner  that  is  usable 
lines  o*i  different  types  and  thickness  are  used.   The  ipeaning  of  a  line  with  certain 
characteristics  has  been  standardized.  See  figure  1.  ' 
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' LEGEND 


SCALE  t  4-=r|.<r 
NOTES:    '  ^ 
J   FLUORESCENT  FIXTURE  IS  A  2-40  WATT  TUBE"  FIXTURE 


SINGLE  POLE  SWITCH 

SPECIAL  PURPOSE  OUTLET 
240  VOLT  50  AMP 

r 

GR  OUPLEX^OUTLET  GROUNOEO 

GR  WEATHER  PROOF 

WP  OUPLEX  OUTLET  GROUNOEO 

PANEt  BOARD  . 

m> 

INCOMING  SERVICE  LINES 

0 

LIGHTING  OUTLET  CEILING 

1  o| 

^LUMEScanr  fixture 

GR  240  VOLT  30  AMP 

AIR  CONDITIONER  OUTLET 

HOME    RUN   TO  PANEL 

y 

CIRCUIT  CONCEALEO  IN  FLOOR 

}  EXPOS.E0  CIRCUIT  * 

CIRCUIT  CONCEALEO  IN  CEILING 

'  Figure  1 

As  you  have  observed  from  the  drawing,  three  different  types  of  lines  are  used  to 
indicate  conductors  in  this  one  room.   The  ceiling  lights  conductors  are  concealed  in 
the  ceiling  as  indicated  by  the  sotid  line  with  one  arrowhead  on  it.\The  arrowhead 
indicates  this  wire  is  a  home  run  pr  is-  connected  to  the*panel.  ThAiong  dashed  lines 
between  the  receptacles  indicate  that  this  circuit  is  concealed  under  the  floor.  The 
short  dashed  l«yAom  the  fluorescent  fixture  to  the  switch  indicates  that  this'  con- 
ductor is  exposed.   This  information  Shows  not  only  where  the  wire  goes  but  helps 
determine  when  it  will  be  installed.         .  ■  ' 

Legend 

* 

•    The  legend  will  show  what  symbols  are  used  to  identify  specific  components  in  the 
construction  of  the  facility.  Review  the  symbols  used  in  figure  1  and  see  if  all  symbols 
used  in  the  drawing  are  shown  in  thf  legend.  m  j 
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.Notes 

Special-informa'tipn  required  in  the  construction  is  indicated  in  the  notes  section 
As  you  can  see  in  figure  1,  a  special  purpose  outlet  necessary  to  haridle  an  electric  ' 
saw  has  been  included.  From  this,  the  exact  type  outlet  can  be  determined. 

Parts  of  a  Blueprint 

What  you  have  seen  so  far  is  only  one  part  of  a  complete  blueprint.'  The  other 
parts  that  will  be  in  the  total  plan  are;  site  plan,  which  indicates  the  location  o TL 
facdity  under  construction  in  the  overall  location  of  the  area,  the  plot  plan  locating 
the  facility  in  the  specific  space  it  will  occupy  in  a  'confined  area,  and  utilities  avail- 
able such  as  gas,  water,  and  electricity. 

The  foundation  plan  will  include  exact  overall  dimensions  and  concrete  design 
The  floor  plan  will  include  lengths,  thicknesses,  and  characteristics  of  building  walls 
.location  of  window  and  door  openings,  length  and  character  of  partitions,  number  and  ' 
arrangement  of  rooms,  and  the  type  and  location  of  utility  installations    The  framing 
plans  show  the  size,  number,  and  location  of  the  structural  members  that  form  the 
building  framework.  . 


The  section  and  detail  plans  are  very  close  to  the  same  thing.  A  detail  will  always 
be  an  enlarged  scale  drawing  to  show  construction  features  more  clearly.  ■ 

t  * 

Additional  plans  for  electrical,  heating,  air  conditioning,  and  plumbing  are  pro- 
duced, to  aid  the  individual  tradesman  in  his  completion  of  a  specific  cart  of  the 
structure.  , 

Specifications 

*  * 

To  insure  that  the  structure  will  be  constructed  exactly  as  prescribed  a  set  of 
specifications  will  accompany  the  blueprints.   Each  tradesman  will  have  a'section  of* 
the  specifications  that  Ja  peculiar  to  him.  Specific  information  as  to  size,  type  and 
quality  desired  of  standard  parts  will  be  listed.  « 

For  the  electrician,  these  parts  may  be  further  identified  by  manufacturer's  name 
and  catriog  number.  Since  it  may  not  be  possible1  to  obtain  the  specific  item  "or 
equivalent'.'  is  usually  added  'after  the  manufacturer's  name  and  catalog  number  The 
specifications  will  also  identify  all  items;  along  with  their  types,  sizes,  -and  amounts 
required  for  the  job.   This  will  greatly,  assist  in  making  an  accurate  cost  estimate  of' 
the  job,  ♦  d 

TERMINOLOGY  AND  SYMBOLS 

Each  group  has  its  own  language  br  slang  that  allows  one  member  of  the  group  to 
commvmcate  with  another  member  in;  a  form  of  spoken  shorthand.  The  electrical  - 
trade  hus  its  own  terminology  and  symbols.  t 
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*  > 

Electrical  Terminology          %                             •  * 

Several  terms  that  are  used  by  electricians  and  other  building  trades  are  listed.  It             *  \ 
10  iu^ui  loiu  Liiot  yuu  uecume  iamiuar  wun  tnese  tejjms  and  their  meaning.   Many  morfe                  *  \ 
u  terms  are  listed  in  the  National  Electrical  Code  -  Article  100.  - 

ACCESSIBLE:            (As  aDDlied  to  wiriner  methnds^  r-apahii  nf  hoingr  rPm^,P^  or 

exposed  without  damaging  the  building  structure  or  finish,  or  not 
^  permanently  closed  in  by  the  structure  or  finish  of  the  building. 

ACCESSIBLE: 

(As  applied  to'equipment)  Admitting  close  approach  because\not 
guarded  by  locked  doors,  elevation,  or  other  effective  means: 

'  AMPACITY: 

Cur  rent -carrying  capacity  of  electric  conductors  expressed  in 
amperes. 

APPROVED: 

Acceptable  to  the.  authority  having  jurisdiction. 

BONDING: 

The  permanent  joining  of  metallic  parts  to  form  an  electrically 
conductive  path  which  will  assure  electrical  continuity  and  the 
capacity  fe©«conduct  safely  any*  current  likely  to  be  imposed. 

BRANCH  CIRCUIT: 

The  circuit  conductors  between  the  final  overcurrent  device  pro- 
tecting the  Circuit  and  the  outlet(s). ' 

• 

♦ 

BUILDING: 

* 

A  structure  which  stands  alone  or  which  is  cut  off  from  adjoining 
structures  by  firewalls  with  all  openings  therein  protected  by 
approved  fire  doors. 

CIRCUIT  BREAKER: 

A  device  designed  to  open  and  close  a  circuit  by  nonautomatic 
means  and  ta  open  the  circuit  automatically  on  a  predetermined 
overcurrent  without  injury  to  itself  when  properly  applied  within 
its  rating.              m  ' 

CONCEALED: 

Rendered  inaccessible  by  the  structure  or  finish  of  the  building. 
Wires  in  concealed  raceways  are  considered  concealed,  even 
though  they  may  become  accessible  by  withdrawing  them. 

DEVICE: 

A  unit  of  an  electrical  system  which  is  intended  to  carry  but  adt 
utilize  electrical  energy. 

i 

DISCONNECTING 
MEANS: 

Equipment:    .  ^ 
• 

/\  uevice,  or  group  oi  devices,  or  otne^me&ns  by  which  the 
conductors  of  a  circuit  can  be  disconnected  from  their  source  of 
supply. 

*  • 
A  genefal  term  including  material,  fittings,  devices,  appliances,  r 
fixtures,  apparatus,  and  the  like, used  as  apart  of,  or  in  connection 
with,  an  electrical  installation.  i 

1 

*  .  FEEDER: 

*  * 

All  circuit  conductofrs  betwe'en  thQ.  service  equipment  or  the^gen- 
erator  switchboard  of  an  isolated  plant,  and  the  final  branch-  « 

V/ii  uuil  uvcrturrciiL  QcVlCc.  « 
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I 

t 

.  * 

#  * 
• 

/ 

'*  FITTING: 


GROUND: 


GROUNDED: 


s 


GROUNDED  CONDUCTOR: 
IDENTIFIED: 

OUTLET: 
PANELBOARD: 

.QUALIFIED  PERSON: 
RACEWAY: 


RECEPTACLE: 


fes  in 


An  accessory  such  as  a  locknut,  bushing  or  other  part  of  a 
wiring  system  that  is  intended  primarily  to  perform  a  mechan- 
ical rather  than  an  electrical  function.  * 

A  conducting  connection  whether 'intentional  or  accidental,  be 
tween  an  electrical  circuit  or  equipment  and  the  earth,  or/o 
some  conducting  body. that  serves  in  place  of  the  earth. 

Connected  to  earth  or  to  some  conducting  body' that  se 
place  of  the  earth. 

A  system  or  circuit  conductor  that  is  intentionally  grounded. 

Identified,  abused  in  the  Code  in  reference  to  a  conductor 
or  its  terminal,  means  that  such  conductor  or  Wrminat  is  to 
,  be  recognized^  as  grounded,  see  Article  200.  ^ 

A  point  on  the  wiring  system  at  which  current  is  taken  to 
supply  utilization  equipment. 

A  single  panel  or  group  of  panel  units  designed  for  assembly 
in  the  form  of  a  single  panel;  including  buses,  'automatic  over- 
current  devices,  and  with  or  without  switches  for  the  control 
of  light,  heat,  or  power  circuits;  designed  to  be  placed  in  a 
cabinet  or  cutout  box  placed  in  or  against  a  wall  or  partition 
and  accessible  only  from  the  front. 

One  familiar  with  the  construction  and  operation  of  the  appa- 
ratus and  the  hazards  involved. 

Any  channel  for  holding  wires,  cables,  or  busbars  that  "is 
designed  expressly  for,  'and  used' solely  for,  this  purpose. 

"A  receptacle  is  a  contact  device  installed  at  the  outlet  for 
the  connection  of  a  single  attachment  plug. 


RECEPTACLE  OUTLET:     An  outlet  where  one  or  more  receptacles  are  installed. 


SERVICE: 


SERVICE  DROP: 


SERVICE  -ENTRANCE 
CONDUCTORS: 


The  conductors  and  equipment  for  delivering  energy  from  the 
electrical  supply  system  to  the  wiring  system  of  the  prem- 
ises served.  -  *% 

The  overhead  service  conductors  from  the  last  poli  or  other 
aerial  support  to  and  including  the  splices,  if  any,  connecting 
to  the  service -entrance  conductors  at  the  building  or  other 
structure. 

The  service  conductors  between.lhe  terminals  6f  the  service 
equipment  and_a  point  usually  outside  the  building  clear  of 
building  walls,  where*joined  by  tap  or  splices- to  the  service 
drop. 


SERVICE  EQUIPMENT: 


.The  necessary  equipment,  usually  consisting  of' a  circuit 
breaker  or  switch  and  fuses,  and  their  accessories,  located 
near  the  point  of  entrance  of  supply  conductors  to  a  building 
or  ,ther  structure,  or  an  otherwise  defined  area,  and  intended 
to  constitute  the  main  control  and  means  of  cutoff  of  the  supply 
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•  UTILIZATION  EQUIPMENT:  Equipment  which  utilizes  eledtric  energy  for  mechanical, 

chemical,,  heating,  lighting,  or  similar  purposes. 

An  overcurrent  protective  device  with  a  circuit  opening 
fusibile  part  that  is  heated  and  severed  by  the  passage  of 
overcurrent  through  it. 


FUSES: 


Ceiling  Wall 


GENERAL  OUTLETS 
 Ceiling  W*U 


o 
© 
© 

.© 
© 

(B 


Ou'tlet 

Clock  Outlet  Speci/y  VolUge 

<& 
'-<§)' 


)Exit  Light  Outlet 
Injunction  Box 


)Pull  Swucn 
)BUnkrO  Outlet 


© 
© 
© 
© 

PS 

® 


Drop  Cord  f 

Fan  Outlet  , 

Lamp  Holder 

~\L)  Lamp  Holder  with 
Switch 

— (V)  V*por  Discharge  Lamp 
W  OuUet 


CONVENIENCE  OUTLETS 


Duplt  \  |C  umi  nience  Outlet 


t       /""N  Convenience  Ou$i*l 

\_)\2      *Othcr  Than  Duplex 


We^iherpruu:  Convenience 
WP  Outlet 

Switch  .xnji  Convenience 
Outlet 

Spoc.ai  Purpose  Outlet, 
sir;U  m  Sp>  t  illations 


:.o 


1=  Single,  3=  Triple.  Etc. 

Range  Outlet 

(  Radio  and  Convenience 
Outlet 

Floor  Outlet  , 


SWITCH  OUTLETS 


4' 


s 

Single  Pole  Switch 

S  4 

Four-Way  Switch 

S  3 

Three-'A  »v  Switch 

S  E 

Electrolier  Switch 

So 

Automata  Door  Switch 

Sp 

Pilot- Lamp  and  Switch 

S  K 

Key-Ooerr-  ted  Switch 

S  WCB 

'  Weatherprooi  Circuit 
&reake  r 

S  CB 

Circuit  bre\ker  * 

Src" 

Remote  Control  Swuch  «, 

S  MC 

Momentary  Contact  Switch 

S  F 

Eused  Switch' 

■  S  wp 

W  eatherr>r  jof  Switch 

S  WF^ 

'Weatherproof  Fused' Switch 

S2 

Double  f-ole  Switch 

Figure  2  ' 
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PANELS  AND  CIRC  r;iTS 


Ligniing  Panel  Puwer  Pan*.! 

Feeders  -  Use  Heavy  Line.* 

anc  Shu*  by  Number  Same    Branch  Circuit  Concealed 

dS  in  Feeder  Schedule  in  Cellini:  or  Wall 

Branch  Circuit  Concealed 

in  Floor    Branch  On.  ."  Exoosec 

Home  Run  to  Panel  Board  « 

Number  01  Circuits  Indicated  by  Number  oi  Arrow,  s 
Any  Circuit  Without  Further  De  sanation 

IndicaK  s  <i  luo-Wire  Circuit.   A  greater         — —  / /// — 

Nur>  x  .  r  ot  W  ire s  is  Indicated  Thus  (3  Wires)   or    h  Wires) 


MISCELLANEOUS  SYMBOLS 


a,        |,  Pushbutton 

I  q  |     EieClru  Door  Opener 
J^X^j  Controller 
!      p     laoiatin^.  Sullen 


Buzz  it 


□ 

[71  rirt 

1-  J  Station 
|  H  |  Horn 

□ 


R  iaio  Outlet 


Co 

Ho r** 


Figure  2  (contV 


303 

Symbols  ; 

It  is  obvious  that  a  d0mpl£te  illustration  of  all  electrical  units  on  a  blueprint  or 
^    schematic  would  make  the  drawing  confusing  and  cluttered.,  For  this  reason  very 
simple  standardized  symbols  are  used  in  electrical  drawing*  to  indicate  units,  con- 
ductors, and  equipment.    The  symbols  listed  in  figure  2  anrthe  symbols  normally 
found  on  DEPARTMENT  OF  DEFENSE  drawings.' 

\ 

SUMMARY  * 

Blueprints  provide  a  complete  graphic;  explanation  of  the  proposed  construction.- 
Blueprints  are  made  up  of  standardized  symbols  and- terminology  common  to  the  per- 
sons using  them.    Th'ey  are  composed  of  several  plans  and  will,  include  specifications 
sheets.   Symbols  are  standardized  pictures  of  building  components^   Terminology  that 
is  common  to  the  tradesman  is  th&  language  used  by  people  who  perform  the  work 
involved.  4 

QUESTIONS 

1.  What  .information  can  you  obtain  from  the  legend  of  a  blueprint? 

2.  Outlet  is  defined  as  N 
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3.  What  is  the  symbol  for  a  duplex  convenience  outlet? 

4.  What  is  the  symbol  for  a  rahge  outlet? 


5.    What  are  two  purposes  of  specifications? 


REFERENCES  S 

1.  National  Electrical  Code 

2.  Blueprint  Reading  by  Kenneth  jGebert 
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CONDUCTORS  AND  OVERCURRENT  PROTECTIVE  DEVICES 
OBJECTIVE  • 

The  purpose  of  this  unit  of  instruction  is  to  develop  your  knowledge  of 
t.    the  types  and  sizes  of  conductors. 

2.    the  types,  sizes,  and  testing  procedures  of  overcurrent  protective  devices.  ' 
INTRODUCTION  \ 

Have  you  ever  started  to  use  a  Skilsaw  and  noticed  that  the  blade  did  not  have  its 
usual  cutting  power?  %  The  blade  may  even  stall  while  cutting.  The  conductor  from  the 
power  source  to  the  saw  may  become  very  warm.  Have  you  wondered  why?  As  you 
read  this  study  guide,  you  will  be  able  to  determine  the  reasons  for  these  troubles  as 
well  as  many  others. 

>  * 

Current  flowing  through  a  conductor  causes  heat  which  could  start  a  fire.  Over- 
load devifees  are  installed  at  different  points  to  prevent  overheating  of  conductors  and 
devices.  Not  all  circuits  carry  the  same  amount  of  current;  therefore,  many  types  -  ' 
and  sizes  of  overload  devices  have  been  designed. 
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INFORMATION 


CONDUCTORS 


A  conductor  is  z  path  capable  of  carrying  art  electrical  current.  It  is  usually  a, 
copper  wire.  These  are  twd*kasi£  types  of  metal  conductors:  the  solid  and  the 
strand3d.  The  scHid  insulated -wire  iijjsed  for  general-purpose  wiring.  Where  flexi- 
bility is  needed,  the  stranded  conductofTs^ised.  A  stranded  conductor  consists  of 
many  strands  of  smaller  wire  twisted  together  to  form  £  larger  conductor^ 

Current  flowing  through  a  wire  causes  heat:  the  amount  of  heat  varies  as  to  the 
square  of  the  amperage.  There  is  a  limit  to  the  degree  of  heat  that  various  types  of 
insiuati6nswill  withstand.   Wire6  most  commonly  used  are  insulated  with  thermoplastic 
insulation.  % 

The  general  construction  of  a  solid, 
thermoplastic  insulated  conductor  is 

shown  in  figure  3.  *  >  ^ 


The  conductor  shown  in  figure  3  may  /                         \  • 
consist  of  a  copper  or  aluminum  alloy  .      t^mcpias/c  ns.lamon  c^noucto* 
conductor  ^ith  a  thermoplastic  .insulation. 
The  thickness  of  the  thermoplastic  insu- 
lation varies  with  the  size  and  voltage  of  Figure  3.     Thermoplastic  Covered 
the  conductor.  *           '       Solid  Conductor 

.      .  10  ,  " 


.    ...  .  sor 

Conductors  have  many  different  types  of  insulation.   The  typ^of  insulation  is  de- 
termined byjise  of  the  conductor;  for  example,  asbestos  coverage onductors  aroused 
^  for  wiring  heating  appliances. 


The  type  of  insulation  is  coded  normally  by  the  first  letter  of  the  material  used  or 
condition  factors.   These  may  be  combined  as  shown  in  the  table  below. 


X. 


Insulation  * 

Code 

Rubber 

R 

Dry  locations;  general  use    *  c 

Thermoplastic 

T 

Dry  locations;  in  conduit,  house  wiring  or 

motor  connections  * 

Varnish 

V 

•Dry  locations  only;  motors^or  transformers 

Asbestos 

A  * 

Dry  locations  only;  heating  appliances** 

Heat  Resistant 

H 

Dry  locations;  general-use 

Moisture  Resistant 

W 

Dry  and  wet  locations;  general  use 

Mpisture  Resistant 

Thermoplastic  " 

rw 

Wet  or  dry  locations 

Conductor  Sizes 


Conductors  are  insulated  with  rubber,  asebestos,  lead  sheath,  cambnc  and 
paper.  Single 4 conductors  and  cables  are  color  coded.  Conductors  used  for-a  neutral  & 
line  will  be  color  coded  white  or  natural  gray.'  The  power  lead  is  either  black,  blue, 
red,  yellow  or  brown  or  a  combination  of  several.   Green  is 'used  for  equipment 
grounds  only.  It  ^ , 

The  amount  of  heat  a  conductor  will  withstand  depends  on  its  size  as  well  as  its 
insulation.  To  work  with  the  different  sizes  of  cpnductors,  it  is  necessary  to  under  -  & 
stand  something  about  the  scheme  used  in  wire  numbering.  Instead  of  referring  to  com-  ^ 
mon  sizes  of  conductors)^  their  area,  siz6s  or  numbers  have  been  assigned  to  them. 
The  gage  commonly  us<fci  to  determine  the  size  of  a  conductor  is  the  American  Wire        „  ^ 
Gage  (AWG).  .This  gage  is  not  the  same  as  used  for  fence  wire  or  any  nonelectrical 
purpose  wire.   Nunfb^r  14  electrical  wire  has  a  conductor  0.064  inches  in  diahieter.  The 
actual  sizes  (AWG)  and  the  gage  numbers  for  various  wire  sizes  are  shown  in  figure  4. 
The  larger  the  number,  the  smaller  the  wire.  *  " 


,0 "  O  'o' 


•  # 

U  16  tft 


00 


Figure  4.  Conductor  Size  Without  Insulation 
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TJi£  highest  AWG  number  is  0000  or  more  simply  written  4/0.  Beyond  this  size'  the 
•conductor  size  is  determinedly  its  cross^sectional  area  in  circular  mils.  A  circular 

?ail(SnrfK?-?ie  area  6f.  a  Circle  one  ™U  111  diameter.   A  mil  is  one  one- thousandth  of  an 
.  inch  (0.  poi").   Thus  a  wire  or  conductor  that  is  0. 002  inches  or  2  mils  in  diameter  is 
"*  t ^o°;,haveua  cross-sectidnal  area  of  4  cm.  Normally,  you  will  see  the  wire  size  shown 
„.fes  MCM  rather  |han  CM%  The  first  M  is  the  Rpman  number  1  thousand  so  MCM  stands 
•  for  thousand  circular  mUs*.     ,  ^ 

In  figure  5  thecgage  for  measuring, 
conduccor  sizes  is  illustrated.  The  wire 
is-measured  by  the  slot  into  which  it 
will  fit,  not  by  the  hole  behind  the  slot. 

Two  or  more  conductors  insulated 
from  each -other  and  grouped  together 
are  referred  to  as  a  cable.  .  One  of  the 
mpre  cpmmon  cables  is  nonmetallic- 
sheathed  cable  (NMC)  &nd  consists  of 
two  or  more  insulated  conductors 
grouped  together  and  covered  with 
9.  either  braid,  rubber  or  plastic, 
A  small  flexible  cable  used>to  wire 
small  appliances  and  lamps  is  called 
a  cord. 


WIRE 


4»  Figure  5.   American  Wire  Gage 

A  cable  that  contains  two*14  wires  is  known  as  14/2,  if  it  contains  three  #12  wires 
it  is  known  as  12/2?  etc.  ^ 

NOTE;  See  article  310  and  table  8,  chapter  9,  in  the  National  Electrical  Cod©  » 
for  additional  information.  .  , 


Current  Carrying  CapaQity  •  • 

The  foui/factors  that  determine  the  current  carrying  capacity  of  a  conductor  are 

the  size^  ttoe  of  insulation,  composition,  and  location  of  the  conductor. 

«  * 

For  any  given  combination  of  volts  and  amperes,  it  is  necessary  to  select  a  size  of 
wire  that  riot  only  prevents  the  development  of  dangerous  high  temperatures,  but  also 
avoids  wasted  power  in  the  form  of  voilage  °drop.   To  deterge  the  voltage  drop  of  a 
cirpuit  caused  by  the  conductor  used,  apply  Ohm's  law: 


E  =  I  X"R,  or  Voltage  drop  =  Amperes  X  Ohms 


320 


12  * 


-'  •  ,  "  2°^ 

For  example,  assume  that  a  500-watt  floodlight  is  to  be  operated  at  a  point  500  ft 
from  the  power  panel,  which  will  require  1000  ft  of  conductor.   At  115  volts,  500  watts 
is  equal  to  about  4.3  amperes.    Using  a  no.  14  conductor  which  has  a  resistance  of  N 
2.475  ohms  per  1000  ft,  multiply  4.3  amperes  times  2.475  ohms.    The  voltage  droo 
would  be  11  volts.   This  would  give  a  power  loss  of  about  47  watts  in  the  circuit  in  the 
form  of  heat  which  is  of  no  value  to  the  consumer.   You  can  decrease  xtm power  loss 
by  increasing  the  conductor  size.  t 

NOTE:     See  article  310  of  the  National  Electrical  Code  for  additional  information.  ' 
SUMMARY  *. 

Conductors  are  used  to  transmit  electrical  energy  from' the  source  of  power  to  the 
using  equipment.  Most  conductors  are  made  of  a  copper  alloy  because  of  its  low  Cost 
and  high  conductivity.     The  more  common  types  of  insulating  materials  are  thermo- 
plastic and  rubber. 

QUESTIONS  i    x.  r 

1/  What  are  two  types  of  conductors? 


2.    What  type  of  insulation  is  most  commonly  used? 


3.    How  is  voltage  drop  "of  a  conductor  determined? 


4.  A  green  insulated  conductor  is  used  for  what  purpose? 

5.  Which  is  larger,  number  12  or  number  6  conductors? 


OVERLOAD  DEVICES 

/ 


It  is  impossible  for  an  electric  current  to  flow  through  a  conductor  without  heating 
the  wire.  As  the  temperature  of  the  conductor  increases,  the  insulation  may  become  ■ 
overheated  and  lead  to  an  ultimate  insulation  breakdown.  Overheating  of  conductors 
may  become  a  serious  fire  hazard.   To  protect  conductors  against  too  much  amperage 
an  overload. device  is  installed.  Any  device  that  limits  the  currentTin  a  conductor^  a' 
predetermined  amperage  is  termed  an  "overload  device.11 

There  are  a  g*eat  many  different  types  of  overload-devices.    The  two  common 
overload  devices  are  fuses  and  circuit  breakers.  '  / 


c 
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FUSES 


Plug  Fus.es 


-  »«i  J  f several  different  types  of  fuses.    The  most  common  type  fuse  is  called 
a  plug  fuse.  .  A  plug  fuse  consists  of  a  fusible  link  enclosed  within  a  housing  which  is » 
screwed  into  a  socket  similar  to  a  lamp  socket.   The  fusible  link  is  a  short  length  of 
metal  ribbon  or  wire  made  to  carry  a  predetermined  amperage,  but  melts  quickly  when 
,  the  current  is  too  high.   There  js  a  window  through  which  you  can  see  if  the  fuse  is 
melted  or  "blown.  "•  \. 

?.lu&  range  from  1  to  30  amperes.  The  code  requires  that  plug  fuses 

£re  ^e^SwiSo1"8  haVC  a  ^  °f  3  h6Xag0nal  f0rm'  -those  »  - 


Plug  types  will  not  be  used  in  circuits 
with  over  125  volts  and  shall  be  used  as 
replacement  items  only. 

Fuses  that  are  not  interchangeable 
with  higher  rated  fuses  because  of  a 
special  adapter  are  called  nontamperable* 
plug  fuses  (figure  6). 


ADAPTER 


PLUG 


Figure  6.    Plug  Fuse  with  Tamper - 
Resisting*  Base 


\<r/ 


The  adapters  fit  into  ordinary  fuse 
holders  but  are  so  designed  that  once 
installed,  they  cannot  be  removed.  The 
adapter  has  an  ampere  eating  the  same 

'  Sf  JiS8!n!?fa  154mPere,adaPter  *iU  Permit  only  15  ampere  or  smaller  fuses  to  be 
inserted  into  it,  a  25  amp  adapter  permits  only  25  amp  fuses;  and  so  on. 

»  •  * 

Most  nontamperable  plug  type  fuses 
are  the  time  delay, type  as  shown  in  fig-  * 
ure  7,  These  fuses  are  designed  to 
carry  an  overload  for  a  few  seconds. 
After-a  time  lapse,  they  will  blow  like 
an  ordinary  fuse,  but  they  act  the  same 
as  any  fuse  if  the  overload  is  continuous. 

Ficure  7.   Plug  Fuse  with  Time  Lag 
The  cartridge  fuse  is  not  commonly  used  in  the  hoirte  because  of  the  high  current 
rating    Most  cartridge  fuses  are  used  in  industrial  areas  and  are  the  only  type  that  can 
be  used  when  current  of  more  than  30  amperes  is  involved.   These  fuses  are  shown  in 
figure  8, 


it 
© 


f 

© 


Cartridge  fuse  with  ferrule  contacts  «     _     Cartridge  fuse  with  knife -blade  contacts  ' 

.Figure  8,    Cartridge  Fuses  A 
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Cartridge  fuses  are  divided  .into  two  types,  the  ferrule  type  and  the  knife-blade 
type.   The  ferrule  type*  is  used  only  on  fusfes  rated  from  1-60  amperes.   The  knife - 
blade  type  15  used  for  1  to  6000  amperes.  Physically, 4  Cartridge  fuses  of  different  \ 
.  ampere  and  voltage  ratings  are  of  12  different  sizes  as  noted  in  the  following  table: 
Notice  that  cartridge  fuses  of  the  same  amperage  rating  but  different  voltage  will  vjjy 


Fuse  Rating 
Amper.es^ 

1  *  ;  , 

Overall  Length.  Inches 

250-Volt  Type 
—  4  

6 00 -Volt  Type 

0  -  30 

2 

5 

31-60  . 

3 

5  1/2  • 

61  -  100 

.  5  7/8 

7  7/8 

*  I0f-,2QO 

7  1/8  ' 

9  5/8 

201  -  400 

8  5/8  . 

11  5/8 

401  -  600 

t 

10  3/8 

13  3  8  ' 

Cartridge  fuses -are  further  divided 
into  renewable  and  nonrenewable  types. 
Since  only  the  fusible  link  is  destroyed 
when  a  fuse  blows,  renewable  fuse  links 
are  available  for  replacement.  The 
nonrenewaDle  types,  once  blown,  are  of 
no  further  vaiue,£nd  the  entire  cartridge 
is  replaced. 

Cartridge  fuses  with  a  renewable 
and  nonrenewable  links  are  shown  in 
figure  9. 


Time  delay  fuses  of'the  cartridge 
type  as  shown  in  figure  10  serve  the 
same  purpose  as  the  plug  type  with  a 
time  delay  excepUhat  they  will  handle 
a  larger  overload. 


NONRENEWABLE  FUSE 


RENEW A8LE  TUSE 


FiguYe  9.     Cartridge  Fuses 


Figure  10.  Cartridge  Fuse  with 
Time -Lag  Feature 
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Circuit  Breakers 
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Circuit  breakers  are  overload  de- 
vices designed  to  automatically  trip  or 
open  the  circuit  on  a  predetermined 
overload  without  injury  to  itself!  When 
it  opens  a  circuit,  moving  a  handle , 
pushing  a  button,  etc.,  closes  the  cir- 
cuit again — there  is  nothing  to  replace. 
An  internal  .view  of  one  of  the  most 
common  types  is'  shown  in  figure  11. 

V  * 
A  circuits-breaker  may  b6  of  the 
.instantaneous  type.     That  is,   it  will' 
^ trip  as  soon  as  a  predetermined  over-  9 
load  exists*    This  type  of  circuit  break- 
er normally  employs  a  magnetic  trip 
device,   jit  is  more  or  less  a  special 
purpose  type  and  is  seldom  used  except  to 
protect;  circuits  supplying  critical^ equipment . 


Figure  11.,    Internal  View 
of  a  Comihon  Type  of 
Circuit  Breaker 

/ 

'     ■  ( 


Another  type  of  circuit  .breaker  is  a  thermal  tfae«     It  employs  a 
bimetallic  strip  as  its  trip  device.     This  circuit  breaker  is  the  time 
delay  type.     The  bimetallic  strip  is  precision  calibrated  to  respond  to 
heat.     As  current  flows  through  this^ strip  or  is  heated  indirectly  by 
fcurrent  flowing  in  a  heater  coil,  the  bimetallic  strifc  bends.     When  the 
strip  bends,  it  releases  a  catch  allowing' a  spring-activated  mechanical 
device  to  operate.    ,As  the  mechanical  d£vic£  actuates,   it  opens  a  set4 
of  contacts  and  stops  current  flow.     The  circuit  breaker  will  nttw  have 
to  b'e  reset  to  reclose  the  contacts  and  allow  current  to  flow.     For  \ 
example,  the  bimetallic  strip  in  a  twenty   (20).  amp  circuit  breaker  is 
calibrated  so  it  will  carry  20  amps  of  current  without  heating  enough 
to  bend.  .  If > twenty-one  amps  of  current  should  flow  through  the  strip, 
it  would  begin  to  heat  and -slowly  bend  and  thus  releas,e  the  catch.  The 
larger  the  overcurrent  through'  the  bimetallic  strip  the  faster  it  heats 
,  and  bends  to  release  the*  catch. 

.«••  * 

A  circuit  breaker  is  installed  in  a  circuit  to  limit  the  amount 
of  current  flow  in  that  circuit. 

*     A  third  and  more  commonly  used  type  of  circuit-  breaker  is.  a  thermal 
magnetic.     This  circuit  breaker"  has  a  thermal  and  a  magnetic  trip  device. 
The  thermal  portion  of  this  circuit  breaker  functions  the  same  as  in  a  ' 
thermal  type  circuit  breaker.     The  magnetic  trip  'device  vfas  added  "to  ■ 
provide  short  circuit  or.  large  instantaneous  current  protection.  Should 
a  large*  ^amount  of  current   (such  as  caused  by  a  short  circuit')   flow  through 
the  circuit  breaker,  the  magnetic  trip  vould  actuate  the  circuit  breaker 
instantaneously*    The  magnetic*  trip  device  is  simply  an  electromagnet 
which  will  increase  in  strength  as  current  increases.     When  a  large  amount: 
of  current  passes  through  the  circuit:  breaker,  the  electromagnet  will 


attract  ttie  release  catch  allowing  the  circuit  breaker  to  actuate.  Thi 
cirbuit  breaker  offer  both  time-delay  features  and  instantaneous 'short 
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circuit  protection.  Ndte:     See  Article  no.  240  of  the  Nat iona^Elictrical 

Code  for  additional  information. 

'  '16              UOO         9  %^ 
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Ground-Fault  Interrupters 

*■  « 
With  the  establishment  of.  the  Occupational  Safety,  and  Health  Act  (OSHA)  more  and 
more  attention  has  been  put  on  the  protection  of  personnel.   Because  of  this,  the 
National  Electrical  Code  requirement  as  of  January  1973  specifies  that  all  newly 
installed  outlets  in  certain  areas  must  be  protected  by  a  ground-fault  circuit 
interrupter.   '  + 

The  ground  fault  interrupter  (GFI)  is  constructed  with  three  main  parts: 
(1)  Interrupting  device,  120v,  (2)  Differential  transformer,    (3)  Solid-state  sensing 
and  test  circuit.  t  , 

/  -  4 

The  main  point  in  the  operation  of  a  ground-fault  interrupter  depends  on  an 
imbalance  in  the  circuit,  Current  leaking  on  the  load  side  of  the  circuit  produces  a 
charge  of  flux  in  the  magnetic  core  of  the  interrupter  differential  current  transformer. 
This  induces  voltage  in  the  transformer's  secondary  winding  that  quickly  actuates 
the  solid-state  circuitry  causing  the  circuit  to  open  before  any  bodily  harm  can  occur. 
In  many  cases  the  leakage  can  be  as  little  as  0.005  amps. 

The  National  Electrical  Code  contains  two  rules  on  the  use  of  ground-fault  circuit 
interrupters  on  branch  circuits: 

(1)  Section  210-8(b)  calls  for  personnel  ground-fault  circuit  protection  for  all 
120  volt,  single-phase,  15  and  20  amp  receptacle,  outlets  installed  on  construction 
sites.         .  *r 

(2)  Section  210-8(a)  requires  personnel  ground-fault  circuit  protection  for  all 
120,  volt,  single-phase,  15-  and  20-amp  receptacles  in  outdoors  and  in  bathrooms  o£ 
residential  occupancies. 

NOTE:  See  page  19  Of  the  National  Electrical  Code  Blueprint  Reading  by  Kenneth 
Gebert  for  additional  information  on  ground-fault  circuit  interrupters. 
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.CIRCUIT  BREAKER  TESTING 


Protective  dev.ices  are  too  often  taken  for  granted  until  they  fail 
to  protect  life  or  property.    This  study  guide  establishes  procedures' 
necessary  to  perform  effective  testing  of  single  pole  molded  case 
circuit  breakers.  .  . 

Model  MS-1A  Test  Unit  „ 

The  Model  MS-1A  Test  Unit  is  designed  to  test  current-actuated 
protective  devices,  such  as,  small  circuit ' breakers ,   fuse  links;  meters, 
etc.     The  teste'r'is  housed  in  a  plastic  suitcase-type  enclosure  with 

storage  space  provided  for  the  necessary  test  leads.     TJie  "unit  is  light 
in  weight  and  portable. 

The  unit  consists  of  an  ammeter,   an  eight-position  ammeter  selector 
switch,  a  variable  current  adjust  reheostat,  timer,  current  transformer, 
and  various  switches  and  connecting  ternfin-als  for  testing  purposes. 

The  input  to  the  unit  is  110/120  volt,  60-cycle,  single-phase  while 
the  output  circuit  consists  of  a  multitapped  transformer  provittiag  a  wide 
variety  of  output  taps,  ranging  from  0  to  140  volts  'and  frpm  4.5  to  200 
amps.     However  the  unit  may  provide  higher  amperage  at 'lower  voltages, 
such  as,  when  drawing  400  amperes  from  tap  c,  the  maximum  voltage  is  2  2 
volts.  •  . 


SUMMARY 

4 

Circuit  breakers  are  adjusted  to  interrupt  the  current  upon  the  occurrence  of  an 
overload  of  a  definite  amount.   Testing  circuit  breakers  to  meet  manufacturer's  re- 
quirements is  the  only  way  to  determine  if  the  circuit  breaker  is  operating  properly. 
Testing  the  circuit  breaker  with  actual  operating  conditions  using  MS-1A  Testing  elec- 
trically exercises  tiebreaker  arid  helps  themto  operate  properly. 

QUESTIONS  r  w         •  » 

1.    HoW  many  current  ranges  do  you  have  on  the  MS-1A  Tester?  ,  *  , 

?.    What  is  the  main  purpose  of  fuses  and  circuit  breakers?  * 
J.    What  is  the  highest  voltage  obtained  on  the  MS-1A  Tester? 

4.  What  is  the  purpose  of  the  MS- 1A  tester? 

5.  Name  the  major  parts  of  the  MS-1A  Tester.  * 

6.  What  kind  of  overload  device  is -used  in  circuits  over  125  volts? 

7.  What  determines  the  size  of  an  overload  deyice  used  in  a  circuit? 

8.  What  are  two  types  of  cartridge  fuses?  , 
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HANDTOOLS 

OBJECTIVE 

,    ™?/5it  of  instr«c«on  is  to  aid  you  in  identifying,  using  and  maintaining  b*id 
electncii^handtools. 

INTROD  CJCnON 

A^ool  enalles  you  to  accomplish  a  job  better,  quicker,  or  easier/  From  the  time 
the  firs',  caveman  picked  up  the  first  rock  to  use  as  a  tool,  manias  developed  and  used 
othey  tools.  Tools  are  made  to  be  used/  To  provide  the  most  use,  tools  should  be 
kept  m  the  best  condition,  and  their  function  understood.  As  an  electrician  vou  will 
use  the  basic  tools  discussed  here.  *  „ 

-  — .  -v 
INFORMATION 

HANDTOOLS - 

The  most  common  tools  used  by  the  electrician  are  pliers,  screwdrivers  elec- 
trician's knife,  rules,  cable  strippers,  fuse  pullers,  hammers,  and  wrenches. 

Pliers  *  •  % 

There  are  several  types  of  pliers  used  by  the  electrician-  The*most  widelymsed 
are  the  lineman's,  diagonal  cutting  (dykes),  long  nose,  and  water  pump. 
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The  lineman's  pliers  shoyii  in  figure  12 
are  side  cutting  pliers  with  a  blunt  jaw  and 
a  scored  gripping  surface  at  the  front.  In  / 
addition  to  cutting  wire,  these  pliers  are 
used  for  holding  wire  while  bending  or 
twisting  and  are  often  used  to  strip  the 
insulation  from  the  conductors.  The 
mqst  common  sizes  are  the  6"  &nd  the 

Diagonal  pliers,as  shown  in  figure  13, 
have  cutting  jaws  set  at  an  angle  of  ap^*'  • 
proximately  15°  with  the  handle  and  are  « 
used  principally  for  cutting  wires.  The 
most  common  sizes  are  the  5"  and  the 

6^.  ; 


Long  nose  pliers,  as  shown  in  figure- 
14,  comeineither  a  straight  or  curved 
nose.   The  most  common -sizes  are  the 
5"  and  the  6".  These  pliers  are  used 
mainly  for  bending* a  loop  on  the  end  of 
the  wire  to  fasten  it  under  a  terminal 
screw.  £     »  %  K 


Figure  12.  Lineman's  fliers 


Figure  13.  Diagonal  j^fers 


Figure  14.  Long  Nose  Pliers 


^Wateiyjump  pliers,  as  shown  in  fig<- 
ure  15r  ^are  convenient  to&jse  to  hold  lock- 
nuts  and/or  round-ejects^  The/should 
never  bemused  on  nySs  or  bmts  that  are 
designed  fo^use  wj|h  a  sc^Wdriveyor 
wrench.  *  -  r        '  v  * 


Figure  1J.  Water  Pump  PlierJ 


■       Keep  pliers  clean  and  well  oiled  at  the  piyot  points,   if. the  pliers  ar^  to-be  stored 

ShTthW.r  '  ^y  Sh°Uld  be  ^ed'cl*™>  especially  of  fingerprints  and  coated 
with  a  thin  coat  of  oil.   The  pivot  pins  should  be  kept  tight  for  efficient  operation.  Some 

hi  ™lnS  J ^0Vlded  ^th  a  nut  that  C^  be  t[*ten«d  with**  wench  while  others  must' 
be  tightened  by  l4ying  the  pliers  on  to  anvil  and, striking  the  pivot  lightly  with  a  hammer. 

Screwdriver^'  * 

^npfCrfecWdri^rS  are.to°ls  Gseci  for  driving^OT&taoving  screws.   There  are  .several 

^ssooilt    rTJHi  m?St  C°mm0n  ^  the  g6neral  purP°se>  c»blnet  and  .he 

»X  P^  electrician  uses  a  screwdriver  to  fasten  devices  tp  boxes,  boxes  to 

walls,  and  wires  to  terminals.  ,  1  u 
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The  general  purpose  screwdriver  or 
common  screwdriver  is  perhaps  the  one 
used  mainly  by  the  electrician.  When 
using  the  screwdriver,  as  shown  in 
figure  lfi,  it  is  important  $at  the  Matte 
be  held  firmly  in  the  screw  slot.  This 
will.prevent  damage  to  the  screw  and 
possible  injury  to  you  if  it  should  slip. 
These  screwdrivers  are  available vin-- 
many  lengths  of  blade.  The  most  com- 
m'only  used  by  the  electrician  is  the 
4"  or  5"  length  blade. 

The  crosspoint  screwdriver, fShown 
in  figure  17,  is  used  on  special  type  ' 
screws.   Never  use  any  other  type  of 
screwdriver  in  the  slots  as  they  will 
*    round  out  the  screw  head  and  render 
X^th^m  unusable.   Like  the  general  pur- 
pose screwdriver,  size  is  determined 
m  by  lengch  of  the  blade.  - 


Figure  16.   General  Purpose  Screwdriver 


Figure  17.  Crosspoint  Screwdriver; 


■  The  cabinet  screwdriver,  shown  in  figure  18,  has  a  long  slim  blade  and  is  used  fre- 
quency around  motors  andhard  to  reach  places.  The  most  common  size  are  from  6  to 
U -inch  blade,  but  shorter  lengths  are  available. 


Figure  18.  Cabinet  Screwdriver 

Th>  screwdriver  blade" 'must  have  sharp  porners  and  fit  the  screw  slot  closely  The 
tip  of  the  blade  of  the  screwdriver  is  made  hard  to^taid  its  shape  and  resist  the  shear- 
ing action  of  the  screw  slot.  The  shank  of  the  screwdriver  is  softer  and  tougher  than 
the  tip  so  that  it  can  absorb  the  twisting  strain. 


When  the  tip  .becomes  rounded  or 
broken,  you  can  usually  restore  its  orig- 
inal^ghape  with  a  file  or  bench  grinder 
as  shown  in  figure  19, 

To  remove  the  nicks  and  square  the 
tip  of  the  screwdriver,  adjust  the  bench 
grindertrest,to  hold  the  scrpwdriver  at 
right  angles  to  the  grinding  surface  of 
the  abrasive  wheel  as  shown  in  figure* 
19A  '  and  grind  the  tip  square.  Next,  ad- 
just  the  rest  as  shown  in  figure  19  B  to 
hold  the  screwdriver  against  the  wheel. 
Proper  grinding  gives  the  desired  point 
shapes  as  shown  in  figure  20. 

0 


When  using  a  screwdriver,  NEVER  & 
hold-work  in  the  hand  while  tightening  or  ^ 
loosening  a  screw.  If  the  blade  should 
slip,  it  can  cause. serious  injury  to  the 
hand.   NEVER  use  a  screwdriver  as  a 
chisel  or  pry  bar.  Such  usage  is* likely 
to  crack  the  handle,  bend  the  blade,  or 
chip  the  point.   Use  of  pliers  or  wrenches 
to  increase  leverage  can  cause  the  blade  / 
to  bend  or  may  break  the  point,  v  Apply 
only  the  pressure  that  can  be  exerted  on 
the  handle  by  hand.  K 

Electrician's  Knife 

The  electrician's  knife,  as  shown  in 
figure  21,  is  used  to  strip  and  remove 
the  insulation  from  the  wire  to  enable 
you  to  splice  or  fasten  the  end  to  a  ter- 
minal. Always%cut  witjTthe  sharp  edge 
of  the  blade  away  from  you.   The  squared 
blade  can  be  used  for  cleaning  crevices 
and  scraping  wire." 
i 

A  knife  blade  is  sharpened  on  an  oil- 
stone, holding  it  flat  and  pushing  ft  away 
from  you,  edge  first. 


B 


Figure  19.  Sharpening  a  Screwdriver 


HOLLOW 
GROUND 


Figure  20.  Correct  Tip  Shape 


Figure  21'.   Electrician's *Knife 
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TheNsix-foot  folding  rule,  that  is 
shown  ia  figure  22  isrused  by  electricians. 
The*rvle  is  constructed  of  sections  which 
are  hinged  together  so  that  they  can  be 
folded  into  a  compact  unit  ai>d  carried 
in  the  pocket.   The  rule  must  be  unfolded 
carefully  to  prevent  the  breaking  of  the 
sections.  If  the  joints  become  hard  to" 
operate,  drop  a  few  drops  of  oil  in  the 
joint.  .Keep  the  rule  clean. 


Figure  22.   Six-Foot  Flding  Rule 


Steel  tapes  should  not  be  used  by  electricians  while  working  aroun  energized  cir 
cuits,  but  a -linen  tape  may  be  used  safely. 


Wire  Stripper 

The  wire  strippei)  shown  in  figure  23 
is  used  to  strip  the  insulation  from  wires 
to  make  splices  or  to  attach  the  conductor 
to  a  terminal  screw.  The  stripper  should 
be  kept  clean  and  very  light  lubricating 
oil  may  be  used  on  the  moving  parts. 


Fuse  Puller 


Figure  23.   \tf  re  Stripper 


The  fuse  pulleij  shown  in  figure  24 
constructed  of  laminated  fiber  which 
possesses  high  dielectric  qualities.  It) 
can  withstand  ^exceptionally  high  atmos- 
pheric conditions.   It  is  available  in 
sizes  5  K>  20  inches  long.   The  large  size 
puller  is  constructed  of  more  laminations 
and  has  a  large  slot  yi  the  jaws  to  ac- 
commodate a  larger  fuse/  The  fuse  puller  eliminates  danger  of  pulling  and  replacing 
cartridge  fuSe  by  hand  and  bending  the  fuse  clips. 


Figure  24.    Fuse  Pulier 


Hammers 

There  are  two  general  types  of  ham- 
mers used  by  electricians:  they  are  the 
claw  ^nd  the  b'all  peen  hammers  shown 
in  figure  25.  The  claw  hammer  is  used 
to  dmve  nails.  'Although  it  has  claws,  it 
should  not  be  used  to  pull  large  nails  as 
it  wUl  loosen  the  handle  or  break  it  if 
too  much  leverage  is  applied..  The  weight 
of  the  head  designates  the  size  of  the 
hammer.  *  He^ds  vary  in  weight  from  7 
to  22  ounces  and  should  be  selected  as 
to  its  intended  use. 


24 
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CLAW  HAMMER 


3ALL  P££N  HAMMEP 


Figure  25.  Types  offHanjmers 
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When  using  the  hammer,  hold  it  near  the  end  of  the  handle,  A  grip  just  tight  enough 
to-control  the  stroke  and  keep  the  handle  from  slipping  out  of  the  hand  is  best.  The  blow 
should  be  delivered  with  wrist  action. 


The  bkll  peen  hammer  is  used  to  drive  chisels  or  punches, 
used  to  shape  metal,  flatten  rivets,  etc. 


The  rounded  portion  is 


Hammers  should  be  inspected  before  use  to  prevent  injury  to  surrounding  equip- 
ment and  personnel,  "  If  the  face  is  damaged  or  the  handle  loose,  cracked-  or  broken, 
it  should  not  be  used.   The  face  can  sometimes  be  reshaped  on  a  grinder,  * 

While  grinding,  the  head  must  be  dipped  in  water  occasionally  to  prevent  drawing 
the  temper  out  of  the  hammer  face.   If  the  handle  becomes  cracked  or  it  cannot  be 
tightened  by  driving  the  wedges  into  the  handle,  replace  it  or  cut  the  handle  off  so  as 
to  prevent  someone  else  from  using' it  and  possibly  receiving  injury. 
Wrenches  r  ^ 

There  are  many  types  of  winches 
and  each  has  its  own  application,  the 
wrenches  most  commonly  used  by  elec- 
tricians are  the  adjustable  open-end  and 
the  pipe  wrench',  , 

jl  The  adjustable  open-end  wrench, 
shtfWn  in  figure  26,  is  made  so  that  the 
jaws  can  be  adjusted  to'fit  square  stock 
or  the  flat  surface  of  a  bolt  head  or  nut, 

-  The  wrench  must  be  adjusted  to  fit 
the  nut  or  bolt  head  snugly,  and  the  pull 
must  be  exerted  in  the  direction  shown 
in  figure  27:    If  they  are  not  used  in  this 
manner,  undue  strain  is  placed  on  the 
movahle  jaws  and  may  break  it;  the" 
wreiicfi  may  slip  off  the  nut  or  bolt  head 
and'round  off  the  corners  or  skin  the 
userfs  kpuckles,  f*  . 


Figure  26.  Adjustable  Open-End  Wrench 


FlXfrO  JAW 


WRONG 

&  * 

Figure  27,   JJsing  Open-End  ^Wrenches 


The  pipe'^rench,  shown  in  figure  ?8, 
is  used  by  the  electrician  to  fit  rigid 
conduit  together.  The  conduit  should 
not  be  allowed  to  "bottom"  in  the  jaw 
opening  because  the  wrench  will  "kick 
off '  and  could  cause  injury  to  the  user. 
Keep  the  wrench  wiped  clean  and  be  sure 
the  jaws  are  sharp  and  tlean  of  dirt  an& 
grease  so  that  they  will  not  sfip.  / 


Figure  28.  Pipe  Wfench 
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Cable  Stripper       4  " 

The  cable  stripper,  shown  in  figure 
29  is  made  of  flat  steel  stock  and  is 
used  to  cut  the  outer  sheath  of 
sheathed  cable.  *Holes  are  drilled  to 
identify, conductor  size.    Most  cable 
strippers  have  lines  on  the  side  in  inches. 
In  most  cases  the  cutting  blades  are 
fixed  and  nonrenewable,  and  the  entire 
stripper  must  be  replaced  when  the  blade  becomes 

Brace  and  Bits 

The  tools  &>wn  in  figure  30  are 
called  a  brace  and  bit.    The  brace  holds 
the  bit  in  a  h^and-tightened  chuck,  usually 
of  two  jaws,  and  provide  leverage  and 
control  for  turning  the  bit  into  the  work. 
-The  bits  are  interchangeable,  usually 
with  spiral  flutes  to  carry  the  chips  out 
of  the  hole  being  bpred.   They  will  have 
a  square  tang  to  fit  into  the  chtlck  and 
a  screw  tip  to  pull  th£  bit  intb*tte  work. 
Bifes  are  sharpened  wittra  file  or  stone. 


SUMMARY 


Figure  29:  Cable  Stripper 
too  dull  to  cut  the  sheath. 


Figure  30;  .Brace  arid  Bit  ^ 


The  quality  of  tools  available  to        job  is  important.   The  right  tool  for  the  job 
cm  make  the  job  q^cker,  easier  and  safe*  The  knowledge  of  how  to  .use  and  maintain 
tools  is  even  more#i  roortant  to  your  career' as  ap  electrician. 


1.  What  type  pliers  are  used  jqpst  by  an  electrician? 

2.  What  type  pliers  are-used  to  make  terminal  loops? 


3.  What  type  measuring  device  should  not' by  used  by.an  electrician? 
•4^*-What  "tool  is  used  to  remove  and  replace  fuses?  * 


I 

5.  How  is  the  size*of  a  hammer  determined? 


6.   WhaUool  should  be  used  when  installing  rigid  conduit? 


REFERENCE, 
TO  32-1*101 
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,  SINGLE  -PHASE  SERVICE  ENTRANCES  AND  PANELBOARDS 


OBJECTIVE 


•  This  unit  of  instruction  is  to  give  you  experience  in  the  purpose,  installation  re- 
quirements, and  installation  procedures  fpr  service  entranced  and  panelboards. 


INTRODUCTION 


r 


Since  it  is  not  practical  to  put  a  generating  plant  Tat  each  home  or  other  point  of 
electrical  use,  a  common  source  of  power  in  the  form  of  a  distribution  system  will  de- 
liver power  to  the  areas  needed.  This  distribution  system  is  the  pole  Qne  network  t^at 
you  see  along  your  streets..   How  this  voltage  is  reduced  to  a  usable  level,  brought 
from  the  pole  to  your  house,  protected  coming  into  the  house,  and  put  fhto  wiring  sys- 
tem in  your  house  is  what  this  lesson  will  coyer. 

DISTRIBUTION 

A  basic  electrical  system  will  consist  of  the  following  parts:  generation,  trans- 
mission, substations,  and  distribution  as  shown  in  figure  31. 


GENERATOR 
1200  VOLT 


TRANSMISSION  DISTRIBUTION 

*  SUBSTATION       •  120/240  VOLT 


Figure  31.  Distribution 
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The  distribution  transformer-is 
usual? y  mounted  on  a>pole  near  the  ~ 
using  point.   This  will  be  a  step-' 
down  transformer  to  lower  the  dis- 
tribution voltage  to  a  usable  voltage.  . 
Since  we  are  concerned  here  with 
single-phase  voltage,  only  one  traos- 
formar  will  be  considered.  See  % 
figure  32.   Knowing  the  single-phase 
voltages  available  at  the  distribution 
point  will  help  you  understand  more 
about  the  service  entrance  require- 
ments. 


SECONDARY 


\ 


Figure  32. 


TERMS  AND  DEFINITIONS 


•  and  service  equipment.  (See  Article  100,  NEC  )         ?  P'         06  entrance> 

Service 

Service  Drop 

The  overhead  service  conductors  from  thp  lacf  nni*  ^  -  •  i 

Service  Entrance- 

using  o.  E.  cable  is  shown  in  figure  33  single-phase  service  entrance 

Service  Equipment 

fuseslTt^  leaker  or  switch  and 

a  building  or'othS "  S  or  W  °I  6ntranCe  0f  SuPPly  conductors  to  ' 

the  main^troTand S SfiS  ^Tsuppf^  ^  •Md  *  C°nStitUte 
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•    t  ELECTRICAL  POWER  SYSTEMS 
* 

The  service  entrance  is  attached  to  the  service  drop  and  consists  of  a.  weatherhead 
(entrance  head)  and  conductors  which  are  connected  to  the  service  equipment 

ho'JS^^n^^ Cnt  ^ **  ta  a  panel-  by  itseLE  or  "  catt,  be  deluded  in  a  panel- 
££?hSS  £^  ^  bTTCh  cirCUit  Protecti*e  devices.  The  service  equipment  is 
provided  to  connect  or  disconnect  the  power  supplied  to  the  fuses  or  breakers  and  the 

;uS6Sr-breakers  «•  included  in  the  system  to  protect  Z  ' 
SBSSSto  KreT.^  *  CaSG  °f  ^  °Verl0ad  °r  Sh°rt«  Accordance' with 

Branch  circuits  extend  from  the  protective  devices  and  provide  power  in  the  different 
*  ?6  biild}ng-  11  13  1)651  to  hold  c"rrent        to  aminimum  on  the 
2£?S5  SiT    «  C°ndrt0r-  T?, d?  tnta'  *•  ""identified  or  hot  conductors  should  > 
carry  the  same  amount  of  current  flow.  This  is  referred  to  as  balancing  circuits. 

INSTALLATION  OF  THE  SERVICE  ENTRANCE 

The  service  entrance  will  be  of  the  overhead  or  underground  type.  In  most  modern 
construction  the  service  entrance  will  be  made  in  conduit.  Service  -entrance  cable  (SE) 
is  another  method  of  installing  a  service.  oervite -entrance  came  (SE) 

l^n^!LCaSeS  the  d!Sign  6ngineer  pr°^deS      *•  necessary  information  for  instal- 
lation of  Uie  service  entrance;  however,  if  this  information  is  not  provided,  you  may 

ocSd  Tvf C  n  f?  °f  •the  NEC-  The  SGrViCe  t0  taUdfa*  should  be  "nSalTy  " 
located.   This  will  help  prevent  low  voltage  at  the  ends  of  the  building  caused  by  long 

FiSuS  Z«  J^HSerViC,e  'J1*5"1"  0131  y0U  inSta11  ^  be  *  ^vice-entrance  cable. 
Figure ^3  identifies  the  parts  of  a  service  entrance. 

Weatherhead  (Entrance  head) 

TIm-  weatherhead  is  made  up  of  a  ceramic  or  a  bakelite  separator -washer  and  a 
metal  cover    It  is  attached  to  a  building  above  the  point  of  attachment^  tC  service 
drop  conductors.   Exception:  Where  it  is  impracticable  to  locate  the  weatherhead 

tf^rl^L^r  *£  ^  of,attachmerit,  the  weatherhead  location  shall  be  per- 
mitted not  fartjier  than  24  inches  trom  the  point  of  attachment.  • 

Service  Entrance  Cable 

Service  entrance  cable  has  several  advantages  (1)  low  installation  cost,  (2)  it  can  be 
installed  around  corners  where  conduit  might  be  difficult  to  handle,  and  (3)  low  material 


Service  entrance  cable  shall  be  of  the  approved  protected  type  or  protected  by 
conduit,  EMT,  or  other  approved  means,  where  the  cable  is  liable  to  contact  awnings  , 
shutteis,  swinging  signs,  or  installed,  in  exposed  places  in  driveways  or  near 'coal  ' 
chutes  or  otherwise  exposed  to  physical  damage. 
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Service  Entrance  Cable  Supports 

and  at  Intervals  not  excSg  4-1/2  Sea  """""^  t0  a  ra"™*  «  enclosure. . 
Conductors  (Service  entrance  cable) 


f 
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MAIN  DISCONNECT  SWITCH 


CIRCUIT  BREAKERS 


CONNECT   TO  POWER  /OURCE 


is: 


mo 

o 

X 
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'20V  (jO© 


240V 


NEUTRAL  BUSS 


BRANCH    CIRCUtT  240  VOUTS 

BRANCH   CIRCUIT    120  VOLTS 


CONNECT  TO  COLO  WATER  LINE 
OR   DRIVEN  GROUND  ELECTRODE 


Grounding 


Figure  34.  ^Panelboard 


The  ground  clamp  should  be  made  of  the  same  material  as  that  to  which  it  is  attached. 
If  an  iron  water  pape  is  used  for  ground,  then  use  an  iron  clamp;  if  copper  is  used,  use 
a, copper  clamp.   This  is  done  to  hold  down  electrolytic  action  which  can  deteriorate  the 
ground  or  ground  wire.   The  loss  of  a  ground  would  result  in  the  system  becoming  very 
dangerous.   Article  250  in  the  NEC  concerns  grounding  and  should  be  consulted  at  all 
times. 


3^ 


3-J3 
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*  PANELBOARDS  . 

-There  are  several  types  of  panelboards  available.   Panelboards  will  rfiffh^  u 

"NEC  Articles 

■-SEEM  S^SZS^  -  — r  - 

230-2  One  service  drop  per  building. 

•230-23  Size  of  service  drop. 

230-24  Clearance  of  service  drops. 

230-29  %       •   Supports  over  buildings. 

23°-2fr  Point  of  attachment. 

23(M1  Size  of  servdce  entrance. 

2$0~10  Service  Equipment.  /  ^ 

Disconnecting  Means  (General)'      \  * 

230"8-1  Connections  to  terminals.  ' 

r.  \ 


<  230-82 
250-5 
250-54 


^  Connections  ahead  of  disconnecting  means. 

'  Location  of  system  ground  connection. 


> 


Common  use  of  grounding  conductor 
250-81      ^  Water  pipe. 

.250-84.        *      Resistance  of  grounds. 
250-112  Grounding  electrodes. 

250-115*  Ground  clamps. .  [ 

384  *        Switchboards  and  panelboards. 
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SUMMARY  * 

*  » 

%  Power  is  supplied  to  the  building  from  a  power  distribution  system,  through  a  stepdown 
transformer  to  the  service  drop  attached  to  Ufe  building.   The  service  entrances  may 
'  consist  of  a  weatherhead,  conduit  mast,  condulet,  nipple,  panelboard,  locknuts,  bushings^ 
grounding  system,  and  conductors,  or  service  entrance  cables  and  associated  equipment. 
Panelbourds  are  used  to  provide  protection  for  the  wiring  system  and  to  disconnect  the 
.y    -  inside  wiring  system  from  the  outside  power  system. 

V**/    '  QUESTIONS 

4  r 

1.  Wli.it  is  the  purpose  of  the  stepdown  distribution  transformer  located  in  the  system 
near  the  facility?,       ^  « 

'  ». 

2.  The  conductors  and  equipriient  used  for  delivering  energy  fro.m  the  electrical  supply 
system  to  the  wiring  system  of  the  premises  served  is  called^? 

d  ^     *  * 

3.  We^therheads  are  used  on  Service  entrances  for  what  purpose? 


4*  Should  ground  conductors  normally  be  fused? 

5.  What  p$xt  <&  i  service  goes  from  the  pole  to  the  house? 
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nonmetallic- Sheathed  cable 

OBJECTIVE  \ 

The  objective  of  this  unit  of  instructions  is  to  develop  your  understanding  of: 

> 

1.    The  types,  uses;  specifications, 'installations  procedures,  and  purcoses  of 
nonmetalhc -sheathed  cable  and  its  application.  Purposes  of 

.    2.    Procedures  for  making  electrical  connections  and  splices.  ' 

3.  Branch  circuits  and  how  to  install  them  in  nonmetallic  sheath  cable. 

4.  The  construction  features,  operating  principles  and  wiring  requirements  for 
,  three  and  four -way  switches. 

INTRODUCTION 

t«  J^L"16  rapid  e,xpan?ion  ot  construction  and  the  increased  demands  for  electricity 
to  opera  e  more  appliances  and  equipment,  a  faster  alid  easier  to  install  and  troub  f  - 

rZ6JZS  6m  ?  ^  WaS,  need6d-   The  °lder  syst-emh'  *«*  as  kn°°  ^d  tube,  were 
SystemS//  i.nStalled  Pr0perly  but  were  very  expensive  to  install  because  oi 
the  vast  amount  of  labor  involved.  For  these  reasons  nonmetallic-sheathed  cable  was 

of^C  oxhwtSr^dygUide  t0  "  ^  ta  -^rstanding  thl  insfaTla^on 


INFORMATION 


TYPES  AND  USES  OF  NONMETALLIC-SHEATHED  CABLE- 

Nonmetallic-fiheathed  cable  ,isan  assembly  of  two  or  more  insulated  conductors 
havmg  an  outer.-sheath  of  moisture  resistant,  flame  retardarit,  nonmetallic  material 
t  is  available  m  type  NM  and  NMC  in  sizes  No  14  to  2  AWG  inclusive.  In  addition  to 

Z  prPoases  o°n?U   °rS'        ^  ^         n  °r  bar6  COnduCtor       ground . 


/ 
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Type  NM 


cot-o»..;c 


NM  nonmetallic-sheathed  cable,  ' 
as  shown  in  figure  35,  may  be  used  for 
both  exposed  and  concealed  work  in 
normally  dry  locations.   It  may  be  run 
oriished  into  air  voids  in  masonry, 
block,  or  tile  walls  where  such  walls 
are  not  exposed  or  Subject  to  excessive 
moisture  or  dampness.   Do  not  use  this 
type  where  it  will  be  exposed  to  corro- 
sive fumes  or  vapors  and  never  imbed  it  in  masonry,  concrete,  filL0r  olaster   It  ' 

zss^toZr in  shallow  chase  in  masonry  or  ionc-ete  a"d  «™ft(,L,r 


Figure  35/  Type  NM,  Nonmetalhc- 
Sheathed  Cable 


Type  NMC 

NMC  nojimetallic-sheathed  cable, 
as  shown  in  figure  36,  may  be  used  for 
both  exposed  and  concealed  work  in  dry, 
moist,  damp,  or  corrosivelocations, 
and'in  outside  and  inside  wall§jof  ma- 
sonry, block,  or  tile.  If  imbedded  in 
plaster  or^run  in-shallow  chase  in  ma- 
sonry vails  and  covered  with  plaster 
within  two  inches  of  the* finished  sur- 
faces, U  should  be  protected  against 
damage  from  nails  by  a  cover  of  corro- 
sioft#resistant,  coated  steel,  at  least 
l'^'inch  in  thickness  and  3/4  inch  wide. 


o 


COPPER  CONDUCTOR 
TuERMOP(.ASTtC 

COTTON        A I C 
P£?OTECTivE  CCV^iNG 


Figure  36.    NMC  Nor.netalhc- 
Sheathed  Cab]  * 


SPECIFICATIONS  ANDClNSTALLATION  PROCEDURE 

ih  cable  is    not  used  for  imbedded 

installation  xn  masonry,  concrete,   fill,  or  plaster.     It  should  not 
be  installed  m  potentially  dangerous  areas  where  wire  damage  mav 
occur v such  as  commercial  garages,  theaters,  storage  battery  rooms 
and  n9istways      Also,   it  may  not  be  used  in  wet  areas  suc^  as  »ce ' ' 
pxants  or  cold, storage  warehouses.  , 
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The  local  codes  in  some  areas  re- 
quire the  additions  a  bare  uninsulated 
conductor  type  of  .nonmetallic  catile^as 
shown  in  figure  37.   This  bare  wire 
provides  an  equipment  ground  at  outlet 
boxes  ^  The  bare  wire  is  attached  to 
the  outLet  box  by  use  of  a  grounding  clip. 

.     For  exposed  work,  nonmetallic " 
sheatfie^ cable  is  generally  mounted 
on  wooden  building  members  with  one 
or  two  hole  straps,  staples  or  similar 
fittings  designed  and  installed  so  as. 
not  to  injure  the  cable.  Typical  staples 
and  straps  are  shown  in  figure  38. 

Secure  the  cable  at  intervals  not 
exceeding  4  1/2  feet  and  within  12 
inches  of  every  outlet  or  fitting.  If 
the  cable- is  exposed,  it  must  follow 
the  contour  of  the  house  finish  or 
running  boards,  ,If  it  is  necessary  to 
protect  the  cable/use  guard  sfcrips*or 
other  suitable  means. 

If  the  cable  passes  through  a  floor, 
it  should  be  enclosed  in  rigid  conduit  ' 
or  pipe  extending  at  least  6  inches 
above  the  floor.   Nonmetallic  sheathed 
cable  can  be  run  through  'holes  bored 
in  studs,  joists,  or  similar  wood  mem- 
bers without  any  additional  protection 
as  shown  in  (igure  39.   Bore  holes 
slightly  larger  than  the  cable,  near 
the  center  of  the  timber.   If  the  cable 
is  run  at  angles  with  joists,  in  unfin- 
ished basements,  secure  conductors 
(two  No  6  Qr  three  No  8)  directly  to 
lower  edges  'of  the  joists.  Smaller 
conductors  should  be  run  through  holes 
bored  in  the* joists.    When  cables  are 
run  in  parallel  to  joists,  theyshould  be 
secured  to  their  sides  or  faces. 
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WATERPROOF 
JUTE  FILLERS 


CRUSH  t  D 
PAPER  ARMOR 


UNINSULATED 
COPPER 
GROUNDING 


INSULATION  CONDUCTOR 


MOISTURE  RESISTING 
AND  FLAME  RETARDING 
GL-ASS  [AND  "COTTON 
OVER  ALL  BRAID 


COTTON  MOISTURE 
RESISTING  BRAID 


Figure  37.    Nonmetallic  Sheathed 
Cable  with  Ground  Wire 


NONMETAL'LIC 
CABLE  STRAP 


Figure  38.   Staples  and  Straps 


WHEN  CABLE  RUNS  CROSSWJSE  TO.  JOISTS  • 
CABLE  MAY,BE  ATTACHED  TO  RUNNING  BOARD 
OR.  CABLE  MAY  BE  £)RAWN  THRU  HOLES  DRILLED 
IN  JOISTS 

Figure  39,    Installing  Nonmetallic 
Sheathed  Cable 


If  the  cable  is  run  across  the  top  of  floor  joists  or  across  the  face  of  rafters  or 
studding  within  7  feet  of  the  floor  or  floor  joists  of  accessible  attics,  protect  the^caole 
with  a  guard  strip  the  height  of  the  cable.  If  the  attic  is  not  permanently  accessible, 
protect  the  cable  6  feet  within -the  edge  of  the  attic  entrance.  Guard  strips  or  running 
boards  are  not  required  if  the  cable  is  run  along  the  sides  of  rafters,  stapds,  or  floor 
joists.  ^  W 

Where  cable  is  run  at  angles  with  joists,  it  shall  be  run  through  bored  holes  or  on 
^running  boards.    See  figure  3S.  ^  * 
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>?'V    SL.O.NG  ^AiLS 


HOLDING  m  , 
HANGER  'j 


BOX  FLUSH  WITH  OUTLET  GYPSUM  BOARO 
FINISHEO  CEJLING-        BOX       '  OR  PLASTER 


CCW-073* 


Figure  4ff:  Mounting  Ceiling 
Outlet  Bpxes' 


All  splifees  and  joints  must  be  made 
in  outlet -or  junction  boxes;  therefore,  at 
least  6  to  8  inches  of  wire  must  be  left  j 
for  making  connections  in  junction  and 
outlet  boxes.   Bends  in  nonmetallic- 
sheathed  cable  should  not  be  made  with 
a  radius  of  less  than  five  times  the  diam- 
eter of  the  cable.  Every  precaution 
should  be  made  not  to  injure  the  protec- 
tive covering  of  the  cabl^ 

K  t,_   Outlet  and  juj^ion  boxes  are  made 
in  round,  squarefP^tagon  and  oblong' 
shapes  and  vary  in  depth  for  different 
purposes.  It  is  very  important  to  ^ise 
the  proper  type  box  for  each  wiring  job.  , 
Outlet  boxes  are  installed  in  various 
ways,  depending  on  the  type  of  building 
construction  and  whether  they  are  to  be 
installed  in  new  or  old  work. 

V 

Ceiling  outlet  boxes  are  generally 
'  supported  by  hanger  bars!  Hanger  bars 

come  in  many  types.    Figure  40  shows 

the  most  common  types  of  metal  hangers 

and  their  installation.   Boxes  are  fastened 

to  thfe  hanger  bars  by  means  of  bolts 

or  by  fixture  studs.  The  hanger  bar  is  ^ 
^fastened  to  the  joists  by  means  of  nails" 

or  screws.  Some  electricians  prefer  to 

use  wooden  strips  to  mount  the  outlet  * 

box  as  shown^n  figure  41.  Wall  boxes 

are  installed  to  support  switches,  duplex 

receptacles,  clocks,  wall^ghts  and 

numerous  other  devices.  Outlet  boxes 

are  supported  by  many  different  devices 

manufactured  for  this  purpose. 

Junction  bbxes  are. usually  mounted 
in  the  attic  on  running  boards,  or  di- 
rectly co  the  ceiling  joist.  r 

„,  „    '      /  Figure41.    Wood*6trip  Mounting/ 

Wall  outlet  bqxes  may  also  be  sup- 

sported  by  wood  strips  as  shown  in  figure  43.   Other  popular  methods  .of  mounting  are 
shown  in  figure  42f  The  type  of  structure,  material  available  and  the  type  of  wall 
covering  usually  determine  the  type  of  mounting. 

Switch  ^and  outlet  boxes  are  sometimes  mounted  as  shown nn  figure  43.  The  strip 
must  be  at  least  1  inch  thick  and  so  mounted  that  the  front  edge  of  the  box  will  be  flush 
with  the  plaster  or  sheetrock.   To  install  an  outlet  in  a  lath  and  plaster  wall  do  not  cut 
away  two  laths.  Cut  one  and  notch  the  other  two  as  shown  in  figure  44.  *  To  mount  an 


STUO  OR  JOIST 


SCREWS 
HOtOlNG 
BOX 


WOO0  STRIP 
'  <t  MIN) 


GYPSUM  BOARD 
OR  PLASTER 


BOX  FLUSH  WlTh 
FiNlSHEO  CEILING 
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outlet  box  in  a  sheet  rock  Wall  after  the.sheetrock  is  in.  place,  metal'box  supports  as 
shown  in  figure  45  may  be'used.  *When  a  house  is  of  brick  or  tile  construction,  a  con- 
siderable  amount  of  .labor  is  involved  in  the.  mousing  boxes,  as  the  boxes  must  be  flush 
with  the  plaster  when  it  is  applied.  A  space  must  be  chiseled  into  the  masonrv  to 
ceive  the  box.  •  3 


re- 


ING 
ACKET 


Q    AT  LEAST 
10  PENNY 
NAIL 


AIL  MOUNTED 


*  * 

Figure  42w  Mounting  Boxes  with  Brackets,  Nails  or  Screws 


r  min 


v  NAIL 
SE^IRELY 


\        .figure  43.  Mounting  Switch  Boxes  oo^ooden  Strips' 


Usually,  4 -inch  square  boxes  are 
used  together  with  covers  of  the  type 
shown  in  figure  46. .  The,se  are  avail- 
able in  various  depths;  so  that,  if  the 
ordinary  1/2 -inch  type  does- not  bring, 
the  cover  flu5h  with  the  plaster,  one  of 
a  greater  depth  Will  be  suitable.  The 
box  cannot  be  secured  to  the  brick' 
directly  with  screws,  consequently  it 
is  necessary  to  use  one  of  the  many 
types  of  plugs  or  anchors  Available  * 
for  the  purpose.1  To  mount  a  box  on 
a  masonry  wall,  it  is  necessary  to 
drill  holes  using  a  star  drill  as  shown 
in  figure  47.   You  may  also  use*  a  power 
bit.   The  drill  is  used  by  simply  pound- 
ing on  its  head  with  a  hamme^  rotating 
the  drill  after  each  blow.   Tne  anchor 
is  then  placed  into  the  hole  and  ex- 
panded as  shown  in  figure  48.  The 
National  Electric  Code  prohibto-the 
use  of  wooden  plugs.    If  the  mounting 
.is  over  hollow  areas,  "use  toggW  bolts  " 
as  shown  in  figure  49,    The  bolts  are  . 

^slipped  through  the  opening  in  the  wall, 
fcad  a  spring  opens  the  wings  which- 

provide  anchorage  for  the  bolt. 


V 


Figure  46.  Typical  Raised  Cove 
for  4f,J  Square  Boxes  ! 


Figure  47.   Star  Drill 


LEAD  AtfCHOR 


INSTALLING  ANCHOR 
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Figure  48.    Lead  Expansion  Anchor 
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pivot  type 


::r.r:;?.:.-.:;.  ;.;.$as© 

SPRING  -TYPE 


AO  ALSO  AvaiUBCE 


LATH  ANO  PLASTER 


WOOD  PIECE  TO  BE 
A    FASTENED  TO  WALL 
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Figure  49.    Using  Toggle  Bolts 


ELECTRICAL  CONNECTIONS  ANDjSPLICES 

.  '  .  r 

To  install  wing  and  make  repairs  oil  appliances,  motors,  generators,  and  other 
electrical  equipment,  it  is  necessary  for  you  to  make  various  types  of  connections  and 
splices-.   Normally,  screw  terminals  or  connectors  of  some  sort  are  provided  for  con- 
necting wires  to  switches,  receptacles,  appjiances,  and  so  on.  However,  for  con- 
necting wtfes  together^n  junction  boxes  and  outlet  boxes,  you  make  various  kindS  of 
splices.  Splices  are  made  by  twisting  the  ends,  of  two  or  nior$  tores  together.  Splices 
rpay  aiso  be  .made  by  using  various  mechanical  devices  to,  hold  wire  ends  together. 

Before  a  wire  or  cable. pan  be  attached  to  a  device  or  spliced,  the  insuiation  must 
Sbe  removed  a£  the  point  of  connection.   Ju^t  enough  insulation  is  removed  to  make -the 
ejection.   As  you  gain  experience,  the  removal  of  the  proper  amount  of  insulatipa^ 
for  each,  connection  and  splice  will  bepome,automatic.  Jhe  electrician's  knife  is  most 
generally  us'ec^o  remove  insulation.   However,  for  small  size  wire,  a  wire-stripping 
tool  may  be  used.   When  you  remove'insulation  with  a  knife,  be  careful  that  you  do  not 
cut  into  the  wire  itself.   A  nick  may  cause  the  wiVe  &  break  after  it  is  installed.  A 
deep  n'ck  or  scratch  reduces.the  current-carrying  capacity  of  the  wire.   After  the  in- 
sulation is  removed;  burnish  (scrape)  the  wire  end  with  your  knife  or  fine  sandpaper. 
This  removes  any  bits  of  insulation  and  oxidation  remaining  on  the  wire. 


Figure  50.    Terminal  Loop  Eye 


For  connecting  wire  to  screw  termi- 
nals, use  your' long  nose  pliers  to  form 
a  loop  or  eye  in  the  bare  end  of  the  wire. 
Such,  a  loop  is  shown  m  figure^Or  No- 
tice how  the  loop  is  placed  around  the  % 
screw.   As  the-screw  is  tightened,  it 
tends  to  close  the  loop.   If  the  wire  is 
not  placecfon  the  screw  in  this  manner, 
the  loop  tends  to  open  when  the  screw  '  •  .. 
is  tightened.  -  Wh<*n  making  this  type  *  ' 

correction; the  insulation  must  cov?r  the  wire  close  to  the  terminal  screw.  When  too 
much  insulation  is  removed,  the  bare  wire  i?  exposed  for  too  sre£ aJuifera 
screw.  Notice  in  figure  50  ho^the  insulation  ^removed  ftoi^^ 
When  you  remove  insulation  with  a  knife,  always  leave  the  end I  coii-shied  WfceS?" 
wire  stripper  is  used  to  remove  insulation,  the"  end  is  left  at  a  right  SgTelo  tK.4 

Where  large  wire  (generally  No*6  or  .  , 

larger)*  must  be' connected  to  switches  or 
other  devices,  a  mechanical  connector  is 
provided.  Figure  51  shows  one  type  of 
mechanical  connector  (sometimes  called 
solderless  connector).  To  use  this  type  c 
connector,  you  simply  place  the  bare  end 
of  the  wire  in  the  connector  and  tighten 
the  screw.  As  on  the  loop  connection 
for  smaller'  wire,  the  insulation  'must 
extend  up  close  to  the  connector. 
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Figure  52.    Pigtail  Splice 


Figure  51.   Sprew  Terminal 
Connector 

Wire  splices  must  be  mechanically  •  , 

ano!  electrically  secure.  That  is,  the  '  ' 

splice  must  be  as  strong  as  a  continu- 
ous wire,  and  must  conduct  electricity 
as  easily  as  a  continuous  wire.  When 
you  must  join  two  or  more  small  wires 
together  in  a  junction  or  outlet  box,,  use 
the  pigtail  splice.   Figure  52  shows-  two  ■ 
wires  joined  together  by  a  Rigtail  splice.  ° 
The  pigtail  splice  is  also  commonly  used  to  splice  together  the  individual  coils  in  mo 
or  .and  generator  stator  windings.   Notice  that  figure  52  shows  two  soHd  wSes  spiked 
together.   A  good  .example  where  you  are  required  to  splice-a  solid  wire  to  a  strahdid  • 
wire  is  in  the  replacement  of  motor  and  generator  terminal  leads.  Terminal  leads  ace- 
stranded  and  are  spliced  to  the  ends  of  the  motor  and  generator  windings.  Windings 
are  made  of  solid  copper  wire,  commonly  known -as. magnet  wire.  - 

'     To  make  the  pigtail  splice,  you  remove  the  insulation  from  the  wire  ends  clean 

SnSur  sTh^f  th6HendS  t0g6theJ-   Use  PlierS  for  twistil*  th*  end'  together 
This  insures  that  the  ends  are  twisted  tightly  together,.  After  the  wires  are  twisted 
clip  off  the  free  ends.  You  are  now  ready  to  solder  trie  splice  £u££  ELSES? 
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Figure  53.   Tap  Splice 


tape.  Instead  of  solderirig  the  splice,  insulated  solderless  connectors  (wire  mits)  may 
be  used.  The  wire  nut  screws-  on  the  splice  and  holds  it  firmly.  It  also  provides  the 
required  insulation  for  the  splice. 

You  sometimes  find  it  necessary  to 
connect  one  wire  to  another  continuous 
wire^  This  may  be  done  with  a  tap  splice. 
Tap  splices  may  be  used  with  solid  or 
stranded  wire,  or  a  combination  of  both. 
To  maXe  the  tap  splice  with  solid  wire, 
remove  about  1/2  inch  of  insulation  from 
the  continuous  wire  and  about  3  inches  of 
insulation  from  the  tap  wire.  Lay  the 
bare  end  of  the  tap  wire  over  the  contin- 
uous wire.  Make  one  wrap  around  the  continuous  wire  with  the  free  end  of  the  tap  wire. 
•  Bring  the  free  end  of  the  tap  wire  across  the  standing  part  of  the  tap  wire  as  shown  in 
figure  53.  With  the  remainder  of  the  free  end,  m£ke  five  close  turns  around  the  con- 
tinuous wire.  Cutoff  the  excess  free  end  of  the  'tap  wire.  You  are  now  ready  to  solder 
and  tape  the  splice. 

Tc  tap  stranded  wires,  .separate  the  ■  % 
strands  of  the'fcontinuous*  wire  and  thread 
the  tap  wire  throiigh  the  separated 
strands;  Separate  the  tap  wire  strands 
and  wrap  them  in  opposite  directions 
around  the  continuous  wire  as  shown  in 
figure  54.   After'the  splice  is  made, 
you  then  solder  and  tape  the  splice. 


< 

Soldering 


. Figure  '54.   Stranded  Wire  Splice 


Soldering  is  the  process  of  j6ining  metals  by  adding  another  metal  to  bond  them 
together.  Electrical  work  requires  solder  composed  of  60%  lead  and  40%  tin  with  a 
resin  cote.  The  resin  Is  used  as  a  flux  to  clean  the  metal  as  it  is  joined.  'Resin 
should  be  used  as  flux  in  electrical  work  as  other  types  of  flux  will  cause  corrosion. 
Heat  4/3  supplied  to  the  joint  to  be  soldered  by  either  a  soldering  gun  or  a  soldering 
iron.    A  soldering  gun  is  usually  used  for  light  work  and  small  wires;  while  a 
soldering  iron  works  better  for  large,  h&avy   work.    Figure  55  shows,  examples  of 
soldering  guns  and  irons.         •  *'  r  *  " 
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Figure  55,    Soldering 'iron  and  Soldering  Gun 


To  prepare  the  soldering  iron,  it 
should  be  cleaned  and  tinned.  Tinning 
the  copper  end  me'ans  to  heat  the  copper 
and  then  apply  a  thin  film  of  solder  to 
it.   This  tinning  will  help  transfer  heat 
from  the  copper  to  the  work  being 
soldered.    When  soldering,  place  the 
heat  against  the  bottom  of  the  work, 
all6w  the  ftork  to  heat  and  then  apply 
the  solder  to  the'heated  work.  The 
solder  should  .melt  and  be  drawn  into 
all  the  open  areas  of  the  work.  See 
figure  56. 
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Figure  56.  Soldering  a  Splice 


Remove  the  soldering  iron  and, 
allow  the  work  to  cool  until  the  solder  has  changed  from  silver  to  a  dull  white. 
CAUTION:  Hot  soldering  equipment  and  solder  can  cause  painful  burns!    Care  in 
using  and  storing  them  should  be  exercised. 


Soldering  as  a  relatively  sate  occupational  task  that  is  performed  by  many  people 
It  is  almost  always  done  as  a  secondary  task  to  some  primary  job  such  as  making  an  ' 
electrical  connection  or  making  a  leakproof  joint  in  metal  tubing,  when  soldering  some 
of  the  hazards  you  should  be  careful  of  are  gjven  in  the  following  papa^raphs 

.   BURN  HAZARDS.  '  The  most  common  injury  from  soldering  is  burns.    Burns  in 
most  cases,.are  caused  by  inattention  or  carelessness.   The  heated  soldering  iron'is 
«fn  h°I  the  b°dy  °r  the  hot  soldered  object  is  picked  up  before  it  has  cooled, 

tody'  CaUSe  the  molten-solder  is  flowed  to  drip  on  any  part  of  the  ■ 

EXPLOSION  HAZARDS.  Another  hazard  associated  with  soldering  is  the  danger  of 
fire  or  explosion  Soldering  irons  must  not  be  laid  on  or  allowed  to  contact  combusts 
hiLSS?*  °Ren  flame  US6d  ^  a  S0UrCe*f  heat  for  soldering  to  even  mire 
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TOXIC  HAZARDS.  A  third  hazard  of  soldering,  and  one  not  generally  recognized  is 
the  toxicity  of  some  materials  involved.  Soft  solder  (ordir^ary  solder)  is  composed  of 
lead  and  tin.   Heating  soft  solder,  particularly  with  an  open  flame,  generates  lead  fumes. 
Inhaling  these  fumes  causes  a  buildup  of  lead  in  the  body.   Lead  tends  to  accumulate  in 
the  body  instead  of  being  expelled.  Consequently,  frequent  exposure  to  lead  fumes  may 
eventually  lead  to  lead  poisoning. 

Soldering  requires  the  use  of  flux  to  remove  oxides  from  the  metal  surfaces  being 
soldered  to  insure  a  tight  bond.   Fluxes  are  either  corrosive  or  noncorrosive.  Rosin 
(noncorrosive)  flux  does  not  produce  poisonous  fumes  when  heated.  Muriatic  (hydro- 
chloric) acid,  zinc  chloride,  ammonium  chloride,  and'sal  ammoniac  (corrosive  fluxes) 
produce  toxic  fumes  such  as  hydrogen  chloride.   These  vapors  cause  burning  and  irri- 
tation of  exposed  tissue.    They  also  cause  violent  coughing  and  difficult  breathing,  - 
.    Jkcid  flaxes  may  seep  from  cored  solder.    The  acid  may  cause  burns  and  damage  to 
clothing.    During  the  soldering  process,  the  acid  may  splatter  and  get  in  eyes  unless 
protective  goggles,are  worn.   If  you  do  get  acid  in  your  eyes,  flush  them  thoroughly 
with  water  and  get  prompt  medical  attention. 

Silver  soldering  or  silver  brazing  (sometimes  referred  to  as  hard  soldering)  usu- 
ally does  not  produce  toxic  fumes.  However,  the  specifications  of  the  silver  brazing 
alloy  usod  should  be  carefully  checked.  If  it  contains  cadmium,  toxic  fumes  are  gener- 
ated during  the  brazing  process.  Cadmium  fumes  are  very  poisonous  and  must  not  be 
inhaleii  or  permitted  to  contact  the  eyes  or  skin. 

-     VENTILATION  REQUIREMENTS,  All  soldering  operations  should  be  performed  in 
an  area  where  there  is  plenty  of  ventilation.  Never  breathe  the  fumes  from  soldering. 
If  exhaust  hoods  are  available,  do  your  soldering  under  the  hood.     Downdraft,  grill- 
top  tables  are  suitable  for  soldering  small  parts  where  the  point  of  soldering  it  not  more 
than  six  inches  above  the  grill  top.  These  grills  should  have  an  airflow  of  160  to  250 
cubic  feet  per  minute  per  square  foot.  \ 

Normally,  a  large  open  area  provides  adequate  ventilation  for  soldering.  However, 
if  the  air  is  stagnant  and  the  fumes  do  not  dissipate  readily,  an  electric  fan  can  be  used' 
to  move  the  air.  %  Place  the  fan  so  that  it  blows  the  fumes  away  from  you. 

PROTECTIVE  EQUIPMENT  REQUIREMENTS,   Soldering  done  in  a  confined  space 
suph  as  a  closet  or  tank  results  in  an  excessive  accumulation  of  fumes.  An  approved 
respirator  suitable  for  protection  against  metal  fumes  must  be, worn  for  soldering  in  a 
confined  area- where  adequate  ventilation  is  not  provided.  If  an  open  flame  torch  is 
used,  a  deficiency  in  oxygen  may  occur,  A  protective  mask  connected  to  an  outside'air 
supply  is  required  to  prevent  suffocation  whenever  an  oxygen  deficient  atmosphere  may- 
be created, 

*  i 

Remeinber,  sol'dering  can  be^hazardous.   Use  protective 'goggles  if  there  is  danger 
'  of  splattering  acid.   Solder  only  in  a  well  ventilated  area  and  do  not  breathe  the  fumes. 
Check  silver  solder  for  a  cadmium  content  ►  Use  respirators  or  externally  supplied 
breathing  masks  for  soldering  in  confined  areas.   Ignoring  these  simple  precautions 
may  result  in  illness,  injury,  or  death. 
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Taping  . 

V-  «•  bare  splice  from 
interior  electrical  work  will  be clastic    Th*  .i3*"*^  the  tat*  used  on 

lap  layers  sufficient  to  provide  the  saL  JUL ?T  fTf  b*  applied  in  smooth>'  half 
lation  on  the  remainder  of  the  wire  °f  6leCtrical  insulation  as  *•  insu- 

'  SUMMARY  1  * 

•  nenoNonmetallic-sheathed  cable  is  generally  installed  on  wooden  members    If  a  mr  is 
necessary  across  rafters  or  joists,  a  running  board  should  be  prS l  it  th  "insSuai 
tion  is  in  an  accessible  attic.   Nonmetallic  cable  can  be  run  throueh  holes  tar^Yn  "* 
s  uds,  joists  or  rafters  without  any  additional  protection    ThisType  cable  *  £<W 

fi V£rViu  n°\  eXCeed!,ng  4  12  f6et  and  n0t  more  than  1  «><*  from  every  outlet  box  or  • 
fitting.    All  splices  and  taps  must  be  made  in  outlet  or  junction  boxes    rS  J 

be  secured  to  boxes  with  approved  clamps  and  f?tt7ngs  ^  Cabl6S  mUSt  , 

instaSed'wi^Th!  S  IfH3116"  ^  mai17  different  CeilinS  °utlet*  are  generally 

•»!  i .2  T  0f  han?er  bars  or        wooden  strips.  Wall  boxes  are  u  Jallv 

n^re1^dIs^f^nh^0^hSimPl^by  P**  l^nny -ils "roShSeT 
prov^aea  in  the  sides  of  thj^^br  by  screws  through  the  back  of  the  box.  " 

Often  it  is  necesary  to  mount  boxes  on  masonry  surfaces    A  star  hh ji  «r  „„™  J 
bi  is  used  to  drill  holes  in  masofirf  for  lead  anchors ™ th mo^fnVS over"  a 
Hollow  area,  toggle  bolts  should  be  used  to  hold  the  box.        m0UIW  15  over  a 

~Jtt&z£zsr to  a  splice  ^^SKffi 

5S37;J*!l^?iCl!S. l.10,  2°°'  30°*  334"13'  336'  3,1(1  370  ta  Natfonal  Electrical 
Code  for  additional  information.  ^ 

.  QUESTIONS  . 

1.  What  are  the  two  types  of  nonmetallic-sheathed3cable? 

2.  Can  type  NM  nonmetallic-slieathed  cable  be  used  in  concealed  work? 
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3,  When  using  a  wooden  strip  to  mount  a  box  the  wooden  strip  must  be  at  least 


  thick.      ,  v 

4.  What  type  of  flux  is  used  when  soldering  electrical  wires? 

5.  What  is  the  purpose  for  tinning  a-*soldeTing  iron? 

# 

6.  What  is  the  purpose  of  a  running  board? 

BRANCH  CIRCUITS 

*  Branch  circuits  may  be  of  two  types.  A  general-purpose  branch  circuit  will  supply 
a  number  of  outlets  or  lighting  fixtures  or  appliances.  An  individual  or  special  branch 
circuit  will  supply  only  one  piece  of  equipment.  -  See  Article. 100  of  the  NEC. 

*  \ 

Parte  of  Branch  Circuits  . 

As  in  Block  I,  you  will  s.till  be  concerned  with  power,  conductors,  and  resistances. 
The  panelboard  contains  ovejrcurrent  protection  in  the  form  of  a, circuit  breaker.  From 
the  panelboard,  power  is  carried  on  fhe  conductors  through  the  control  device  (switch) 
tp  the  power  using  equipment  such  as  lights  or  appliances.   Figure  57  shows  the  rela- 
tionshio  of  these  parts  in  three  different  configurations. 
'  K  .  • 

)  ,  NEC.  REQUIREMENTS 

1  5  r  \      '  i     v  • 

"According  to  Article  210-19c  the  minimum  size  conductor  you  should  use  when  wiring 
is  a  14  AWG.  ,  .  '<  ' 

1  T*\q, current-carrying  capacity  of  the  different  size  conductors  can  be  found  in 
Table  310-16  through  Table  310-19.        *  \  t 

*  When  planning  a  branch  circuit,  design  the  system  so  that  it  has  a  minimum  of 
voltage  drop.  ,    ■  ,  * 


( 


Pictorial  Drawing 


^Schematic  Drawing 


Blueprint— Single-Line  Drawing- 
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Figure  57.  Circuit  Representatidn     '  "  ■. 
branch  Circuit  .Voltage  Drop  ' 

' ' "     „,rh'T!!!fSfiZe  °f,.the  c°nducto«  for  branch  circuits  as  defined  in  Article  100  should  be 

'    J    E2t~  •  j   L V    386  dr°uP  W0Uld  n0t  exceed3  P"061*  to  the'furthest  sutlet  fQr  power 
.  «*    heating  ilghting,  or  combinations  thereof.  .  Providing  further  that  the  maximum Tt  a 
Cr     °  v°lta«e  dr°P  for  infers  and  branch.circuits  'should  not  exceed"  5  peTcfert™wSl   '  • 

m1"  «°-  deternJine^ow  much  v°lfca«e  drop  you  have,,  measure  the  amount  of  voltage  at  " 
the  semce^ntrantfe  parcel,  or  load  center  and  then  measure  the  voltage  dVS  fhe 
•  ShS  e:  u0Ur^?tme.tIr  indicates^  ^ve  120 Volts  at  trfe  ser^ce^enTran-ce 

She  service  Pan1iat  To'ShJ^  "T"  7f  h?Ve  *  15'V°U  ^P^tween  the  load 
-  formula  ;*  *  percentage  of  voftagejrop,  use  the  folding 


voltage  drop. 
voltage  at  panel 


.100 


T2TJ  x 


=  12^.  5  percent 
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This  circuit  is  aboVe  the  recommended  voltage  drop.  One  of  the  ways4o  remedy  a 
voltage  drop  problem  is  to  increase  the  size  of  the  conductor.  A  larger  conductor  will 
offer  tess.  resistance. .  Chapter  9,  Table  8  pf -the  NEC  gives  the  resistance  of  different 
sizes  of  conductors.  *         -  *  ,•* 

.  Before  going  into  the  actual,  installation  procedures  of  nonmetallic  sheathed  cable 
there  are  a 7ew .articles  in  the  National  Electrical  Code  which  you  should  be  aware  of: 

.  -Boxes  shall  be  securely  fastened  in  place  (Article  300-11) 

s5Cf5u  should  have  at  least  6  inches  of  free  conductor  at"  every»outlet,  switch  and  * 
*junction*box  (Article  300-14).       •  •  . 

Mil  switch,  outlets,  and  splices  shall  be  placed  in  a  box  (Article  300-15). 
'  -All  unused. openings,  shall  be  effectively'closed  (Article  370-8), 
-All  boxes  shall  have'a  cover  (Article  370-18c). 

-Junction, -pull  and  outle^boxes  shall  be  rendered  accessible  without  removing 
any  p^rt  of  the  building  (Article  370-*19). 

*  o.'     *  »         _  *  .  ; 

*  %  *  . 

'  *  *>> 

-AU  splices  shall  be  mechanically  and  electricaily  secure  and  covered  with  an 
s  .  -insulation  equivalent  to  that  6f  the  conductor  (Articre~llb-14(b))  '  " 

-The  identified  conductor  when  connected  to  a  lamp  holder  shall  be 'connected5 
it  the  screw-shell  (Article  200-10(c)).    '  r 

1    -When  cables  are  installed  through  bored  holes  in  studs,  joists  or  sinfilar  wood 
-  members,  hbl    shall  be  bore«t  at  the  approximate  centers  o(the  wood  members, 
or  aUeaLst  two  i.  hes  from  the'nearest  edge  where  practical  .(Article  300-4).- 

-You  can  notch  the  wood  members  to  .install  cable  but  you  must  puf  &  metal  plate 
#  *o/er  the  cable  to  protect  it  from  nails  Article' 300-4^.  # 

-When  mounting  a  box  on  a^ wooden  brace,  it  should  be  at  least  l-irt*h  thick* 
(Article  3X0-13). 


-The  ideptif|g|icm  of  terminals  to  which  a  grounded  conductor  is  to  be  connected 
shall  be  b^ifcns  0f  a  metallic  plated  coating  substantially  white  in  color 
(Articlei20(^fc), 


v.  -  '. ..  -.. 


BRANCH  CIRCUIT  CALCULATION  \ 
Wheri* figuring  how  many  branch  circuits  and  how  much  lighting  will  be  reouired  for 
Vifuirement  '  *  ^  ™  °'  ^  NE°  WMch  ™"  ^SS^TSSSiS 

General  Ughtinf  *  " '  >~  * 

Two  things  to  take  into  consideration  when  figuring  the  lighting  load  are-  how 
large  1S  the  area  and  what  will  the  area  be  used  for?  • 

In  determining  the  load  on  the  "watts  per  square  foot"  basis,  the  floor  area  stall 
^hT16!*011:  nG  °UtSide  dim-ensi°^  o$ the  building,  apartment  or  area^Je^ 

circuit  and  600  Square  feet  of  floor  are^orYl5.  amo  2  JI         „^  0  ' 

code  mtalmum  and  ™*.  „  t0  .eMVoTa  ^^fiTyS"- 

Table  220-2(b)  '-General  Lighting  Loads  by  Occupancies, -'tells  you  the  minimum 
amount  of  watts  for  general  lighting  according  to  what  the  area  will  be  used  for. 

Receptacle  Outlet  Circuits  .  % 

In  a  dwelling  type  occupancy  ypu  should  have  at  least  two  receptacle  circuits  to  feed 
the  small  appliance  load  in  the  kitchen,  pantry,  family  room,  dining  room  and  break- 
fast room.   There  should  be  at  least  one  receptacle  branch  circuit  to  the  laundry  r}om\ 
Each  of  the  above  circuits  will  consume  about!,  500  watts  each  (Article  220-1 6(a>&  (b)). 

Most  appliances  manufactured  today  have  a  6-foot  cord  on  them'!   You  should  be 
able  to  take  an  appliance  or  lamp  and  put  it  anywhere  along  the  wall- to  reach  a' duplex  * 
outlet  (Article  210-25(b)).         .  "  v 

All  receptacle  outlet^  that  you  install  shall  be  of  the  grounding  type  (Article 
410-58).  ' 

To  calculate  the  demand  load  of  a  single  family  dwelling.you  are  referred  to 
Article  220,  • 

NONMETALLJC  CABLE  INSTALLATION 

•  * 

Nonmetallic  sheathed  cable  can  be  used  for  concealed  or  exposed  work  in  nonnallv 
dry  locations  (Article  336-3(a)).  m  y 

.Ttere  ace  certain  gitnaiiofts  where  you  cannot  use  NM  cable.   As  service  entrance  < 
cable,  in  commercial  garagea,  in  theatres,  in  motion  picture  studios,  in  storage  bat- 
tery  rooms,  in  Hoifitways,  in  any  hazard  locations.  You  cannot  embed  NM  cable  in 
poured  cement/ concrete  or  aggregate  (Article  336-3(c)). 
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*  s^l^Se'St  "  Sh°U'd  ""l0W      ""'""^  ""*kfc  ««*.  11  — 
SUMMARY  , 

Atte$  electricity  has  passed  through  the  service  entrance  switch  it  enters  the  dis- 
tributor* panel  or  load  center  and  from  there  is  carried  throughout The  w5S  by 
smalle^conductors  called  branch  circuits.  There  are  two  types 

*  general  purpose  and  individual  or  special.  Ail  wiring  with  nonmeta^  * 
will  be  fne  according  to  the  National  Electrical  Code.  Just  knowing  all  the  articles 

that  pertain  to  Ntt  cable  is  not  enough;  you  must  be  able  to  install  if  correct" 


QUESTIONS 


What  are  the  two  types  of*NM  cable? 

a.   

b.  '  1 


2.    Whatsj^the  purpose  of  an  overcurrent  device  in  a  branch  circuit? 


3.    What  is  the  maximum  percent  of  voltage  drop  on  a  branch  circuit? 


4.    How  much  free  conductor  should  you  have  at  every  box? 


5.  All  boxes  shall  have  covers.  True  or  False 
*6.    Define:  identified  conductor, 


7.  Using  a  3/4 -inch  board  to  mount  aubox  is'permissible  by  the  NEC.   True  or  False 

-T   * 

8.  What  two  things  should  you  take  into  consideration  when  figuring.the  lighting  load? 
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Purpose  and  Uses 


THREE  AND  FOUR-WAY  SWITCHES 


A.  circuit  can  be  controlled  ff-om  more  than  one  location  by  usingj^rete  and  fou~-' 
way  switches.  Three-way  switches  can  control  a  circuit  from  two  lobatioriS;  Jd  more 
control  locations  are  desirable,  f6ur-way  switches  ar£  used  with  three  -way  switches. 
Multiple  control  circuits  are  used  to  control  a  light  from  either  end  of  a  hallway  cr 
room,  to  control  a  light  from  upstairs  or  downstairs,  to  control  a  garage-light  from 
insidfe  the  house  or  garage,  to  control  a  light  on  a  fishing  pier  from  the  cabin  or  from 
either  end  of  the  pier,  etc.  You  can  see  from  these  examples  that  three  and  four-way 
switches  are.used  in  various  ways  to  make  a  circuU  more  convenient  and  useful. 


Operation  * 

A  circuit  can  be  controlled  from  two 
locations  by  using  two,  three-way 
switches.   If  ic  is  desirable  to  operate  a 
circuit  from  more  than  two  locatibns,  it 
is  accomplished  by  adding  four-way 
switches  into  the  circuit. 

Three-Way  Switches 

Three-way  switches  are  equipped  with 
three  connecting  terminals.   Figure  58 
illustrates  what  happens  in  a  three-way 
switch  when  the  toggle  is  moved  up  an4 
down.   Terminal  "A"  is  used  for  the 
common  (hot  wire);  terminals  "B"  and 
"Care  used  for  wires  connecting  the 
two  switches.  *  These  wire  are  called 
travelers.       •  *  ■  * 


TOGGfcE      *  * 
-OP 


,  MOVABLE 

—  tEveR 

PIVOTS 
IN  THE 
CENTER 


Figure  58,   Three -Way  Switch 


Figure  59  illustrates  two  three-way  switches  with  no  current  flowing  through  the  second 
three-w^switch.  Figure  6D  shows  how  the  circuit  is  completed  a  eitherlggle  J  , 
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3-WAY  SWITCH 
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Figure  59.  Three -Way  Switch  Circuit,  Circuit  Open 

>ho>  f?^?  Wil?ng  a,  thtree"waJr  switch  look*  similar  to  any  single  pole  switch  except 
that  it  has  three  terminals  instead  of  two,  and  the  words  ON  and  OFF  do  not  appear 
on  U  e  toggle  handle    The  terminal  used  for  the  -HOT  wire  is  usually  located  on  one  end 
or  side  of  the  switch  by  itself  and  is  usually  a  darker  color  than  the' other  two  * 
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♦Figure  60.   Three -Way  Switch  Circuit.^Ci'rcuit  Closed 
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Four -Way  S^itche^  .  -  ,  r 

Four-way  switches  as  illustrated  in     f  *  ^ 

figure  61  are  used  to  control  a  circuit           J  o  o "a 

from  three  or  more  places.  To  accom-  [          ,  ,         .  \ 

plish  this,- tv?o  three-way  switches  must  i       •  i*  ?\ 

be  u£ed  in  conjunction  with  four -way      '      .  \l 

switches.-  Use  a  three-way  switch  at  the  £ 
beginning  and  one  at  the*  end  of  a  multi- 
controlled  circuit.   All  other  switches  in. 
the  multicontrolled  circuit  are  four -way               Figure  61.    Four-way  Switch  in 

switches.                -  Both  Positions  . 

In  one  position  of  ,the  toggle,  the  terminal  K  is  connected  to  the  terminal  M  and 
the  terminal  L  is  connected  to  terminal  N,  as  shown  in  figure  61 ,  position  A  When 
the  toggle  is  thrown,  K\s  connected  to  N-and  M  is  connected  to  L  as  illustrated  m 
figure  61,  position  B.  '    #  4 

Fibres  62  and  63  show  a  four-way  switch  installed  in  a  light  circuit  and  how  it 
controls  the  light.  . 
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Figure  62.    Four-Wa>  Switch  Circuit,  Circuit  Open 
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'  Installation 


,     Three  and  four -way  switches  are  installed  (n  outlet  boxes  in  the  same  manner  as 
single  pole  switches.   It  is  easy  to  connect  three-way  switches.    The  mechanical  con- 
atructwn  vanes  among  manufacturers  so  that  the  marked  (common)  terminal  is^some- 
times  alone  on  one  end  of  the  Switch  or'sometimes  alone  on  one  side.   These  three- 
-way switches  will  be  wired  as  shown  in  figures  64  or  65  depending  on  the  location  of 
the  marked  (darker  colored)  terminal.   Fortunately,  -no  harm  is  done  if  the  fvrong  ter- 
minals ore  selected,  except  tfrat  the  circuit  will  not  work.   If  there  is  any  d£bt  Us  to 
►  IV^u    C°rreCt  terminals  on  a  switch,  use  an  ohmmeter  or.continuity Aeter  to 
establish  the  proper  connection  sequence.'  It  may  be  necessary  to  draw  a  circVt  with 
switch  terminals  marked  to  establish  the  correct  switcWiring  sequence       '  V  ' 


NEUTRAL 


HOT 


Figure  64.   Three -Way  Switch' -Commgn  Terminal  Alone  on  One  Side 
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HOT 
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*  C 


Figure  65.    Three-Way  Switch -Common  Terminal  Alone  on  One  End 
When  installing  three  and  jour-way  switches, 'the  flowing  rules  apply? 

*  Connect  the  white  wirejfrom  the  power  source'to  the -silver  terminal  of  the 
outlet  being  switched.  -  *  " 

•fc    Connect  the  hot  (black)  wire  'from -the  power  source  to  the  common  terminal 
■    on  the  first  three-way  switch.  « 

Connect  the  hot  (black)  wire  from  the  common  terminal  of  the  second  three- 
way  switch  to  the  .dark  terminal  of  the  outlet  being  switched. 


,Connect  traveler  wires  between  the  switches. 
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SUMMARY        '  - 

Three-way  and  four -way  switches  are  used  to  control  a  circuit  from  two  or  more 
locations,  A  light  can  be  turned  on  at  one  tfncTbt  a  long  corridor  ahd  turned  off  at  tho 
other  end  after  walking  through  the  corridor . 

1/  it  is  desired  to  operate  a  circuit  from  two  ppints,  'two  three-way  switches  are 
used.   If  it  is  desired  to  operate  a  circuit  from  more  than  two  points,  four-way  switches 
are  installed  between  the  three-way  switches.   You  can  add  as  many  four-way  switches 
as  desired,  depending  on  the  number"of  control  points-needed. 

If  the  marked  terminals  cannot  be  determined,  the  circuit  through  three-way 
•switches  can  be  determined  by  use  of  an  ohhimeter  or  continuity  mater. 

QUESTIONS 

1.  What  is  the  purpose  of  a  three-way  switch?  * 

2.  \Vhat  is  the  purpose  of  a  four-way  switch? 

3.  •  How  many  terminals  are  on  ^  three -way  switch?  \ 

•  4.  How  many  terminals  are  on  a  four -way  switch? 

5.  What  ajre  the  two  terminals  called  that  connect  three-way  switches  together? 

6.  Where  are 'four-way  switches  installed  in  relation  to  three-way  switches? 

7.  In  what  sityation  are  three  wires  required  to  connect  switches? 

8.  Can  three-way  switches  be  connected  wrong?  * 

9.  Diagram  the  two  positions  bf  a  four-way  swit^ft?' 

t    '  ' 

10.     How  catf  the  terminals  usually  be  identified? 

REFERENCES* 

I 

1.    National  Electrical  Code       •  \  .  ' 

■  '*      *  • 

'  2.  '  NFPA  Handbook  of  the  NEC,  by  H.P.  Richter  *  ' 

3.  Electrical  Trades  Blueprint  Reading, 

4.  Electrical  Code -Diagrams,  Volumes  I  and  n 

}  j 

5.  '^AFM  91-17,  Electrical  Interior  Facilities 

6.  AFP  85-1,  Electrical  Facilities  Safe  Practices  Handbook 

•  *  V 
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Tne  purpose  of  this  study  guide  is  to  develop  your  Understanding  of  incandescent 
and  fluorescent  lighting.  .  * 

*  / 

INTRODUCTION 

/  in  the  Air  Force  you  will  be  installing  and  maintaining  incandescent  and  fluorescent 
lights.  / 

-  All  lighting  fixtures,  regardless  of  whether  they  use  incandescent  or  fluorescent 
lamps,  are  classified  ^cor^Jin^to  the  manner  in  which^they  distribute  light. 

INFORMATION  ^  ' 

PURPOSES  AND  TYPES  O  FLIGHTING  FIXTURES 

* 

The  five  general  classifications  are  direct,  semidirect,  general^ctiffuse,  semi- 
indirect,  and  indirect.   If  an  imaginary  horizontal  l^ie  is  drawn*on  a  level  with  the 
light  source  of  the  fixture,  the  amount  of  light  directed  above  "and  below  the  line  de- 
termines the'  fixturfe  classification. 

Direct  Lighting  {  , 

Direct  lighting/ran  be.deffhed,  z£  a  lighting,  system  in  which  practically  all  of  the 
light '(90  -  100  o)  is  directed  in  angles  below  the*iiorizontal,  directly  toward  the  work- 
ing areas  as  shown  4n  figure  66.   This  type  of  lighting  is  usually  produced  by  indus- 
trial type  steel  or  aluminum-  reflectors. 

Although  such  a  system  provides  ilteminati6n£n\he  working  surfaces  efficiently, 
iiMnay  be  at  the  expense  of  other  factqrs,  suc^as  excessive  contrast  of  the  light  source 
with  the  surroundings,  troublesome  shadows,  fir  direct  and  reflected  glare. 


Semidirect  Lighting 


Semidireet  lighting  is' obtained  from 
.glass  reflectors  open  at  the  bottom  as 
shown  in  figure*66B.  In  this  classifica- 
tion, 60  to  90  peVcent  of  the  light  is  di- 
rected toward  the, working  surface*  This 
system  provides,  at  low  cost/  illumina- 
tion suitable  for  casual  seeing  for  such 
areas- as  corridors,  stairways,  wash- 
rooms, etc.  * 

General  Diffuse  Lighting 

'  *  v 

General  diffuse  lighting  refers  to  the  * 
system  in  which  the  Hght  emerges  from 
the  fixture,  approximately  equal  in  all  . 
directions,  as  shown  irr figure  66C.  The 
reflector  usually  consists  of  a  diffusing 
glass  enclosing  globe:  Although  this  ' 
system  gives  illumination  of  better  qual- 
ity than  either  direct  or  semidirect  sys- 
tems, some  difficulty  'may  be  experienced 
with  brightness  and  glare. 

Semi-Indirect  Lighting  ,   *    J1  .  * 
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Figure  66.   Types  of  Illumination 
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•Semi-indirect  lighting  is  obtained  when  some  of  the  light  is  transmitted  directly  to< 
the  working  surface,,  but.considerably  more  than  half  (60  to  90  percent)  is  emitted  up- 
ward to  the  ceiling  and  upper  walls,  irom  which  it  is  reflected  to  all  parts' of  the  rqom 
as  shown  in  figure  66D.  These  reflectors  may  be  open  at  the  top  or  completely  enclosed 
with  a  dense  or  enameled  glass  on  the  bottom  and>  clear  glass"  on  the  toi\  A  properly  .  ■ 
^signed  fixture  gives  very  good  lighting  with  low  surface  brightness*  and  eliminates^ 
mofrtsf  the  glsuys.  *  *  ' 

Indirect  Lighting    .  -  -  m 

Indirect  lighting,  as  th^  name  implies,  .means  that  most  of  the  light  (90  to  100  per- 
cent) reachea  the  work  area  indirectly  by  being  reflected  from  the  ceiling  as  shown  in 
figure  66E.  With  the  entire  ceiiingrbecoming  a  light  source  of  low'brightness,  direct 
glare  jmtt  shadow  are  practically  eliminated.  *  This  produces  a  quality  "of  lighting  highly' 
desirable  for  dr^ting  rooms  and  offices  where  a  high  level  of  illumination  is  needed  for 
doing  close  work  with  ^e  least  eyestrains 

-     '  INCANDESCENT  LIGHTING   ^      *   ;  • 

Although  more  efficient -light  sources  have  been  introduce,  incandescent  lightirg 
is  not  obsolete.   Its  use  is  often  preferred  for  many,  applications  because  of  its  econbmy, 
flexibility,  ease  of  maintenance,  and  convenience.  Afixture  consisting  of  the  lamp, 
lamp  socket,  shade  or  reflector,  hanging  device^and  wiring  is  called  a  luminaire.  ' 


3 

Incandescent  Lamps 


they^s^ltS3  mJeadUy  aVf abl6'  ^  replaced<  cleaned  °r  "™™*  and  " 
cney  ju e small  in  size.  Where  accurate  control  of  the  light  distribution  of  a  nnnncn^^ 

beam  is  required,  the  incandescent  lamp  is  most  convenient?         capable  of  £ir£ 

dimmed  and  it  starts  instantly.  Filament  lamps  have  several  d LSivStages-^ f  bright 

^IX^  llgfSlt8p  6f,fiCient  111  lumenS  P*  watt  the  new^r?ype  JtS  es 
and  much  of  the  input  of  these  lamps  is  wasted  in  heat  *  sources 

•  i  . 

Incandescent  lamps  are  designated  by  shSpe  and  size.  They  may  be  obtained  in  vari 
ous  finishes.  Those  with  the  inside  frosted  are  the  most  common^ Should  be  u?ed  * 
all  luminaries  where  elimination  of  streaks  and  shadows  from.the  fixture"  deTiJfd.  . 

There  are  four  lamp  base  sizes  in  general  use  as'  shown  in  figure  67.   The  "Mosul'- 
7,     ge  71"  lamPS  USUally  300  t0  1500 '^ttsj  the  'MedSm"  £ \e  common^  - 

SeSbrS.?!1  h°rfS  Md  °"rS'  USUally  up  t0  300  watts^  the  ^ter medial  id 
Candelabra"  are  used  for  special  types  of  lighting  fixtures.  '  ' 
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Figure  67.   Types,  of  Incandescent  Lamp  Bases  ' 


-JLajap  sockets  are  available  in  many  types.  Often' 'selection  depends  bn  the  method 
•    £  rlfln?oUnfd-  S°me  0pecate  b*  wal1  switches  *  others  by  pull  chain  or'k'ey  switches 
ll*u3trates  some  <*  the  various  types  of  socket/wed  in  TuSJSd  ljh^!' 
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LAMf>.SOCKET 
ADAPTER 


HIDDEN-TERMINAL  SOCKETS 

Figure  68.  Incandescent  Lamp  Sockets 


Shades  and  fteflectors 


The  type  of  shade  or  reflector  used  determines  the  type  of  light  distribution 
Shades  are  m^eoftdfflerent  materials:  metal',  glass,  mirrored  glass,  prismatic  gl?ss 
and  opaque  materials.   Figure  69  illustrates  several  types  of  shades  but  does  not     '  ' 
represent  a  complete  selection.  * 


POLISHED  METAL         CASED  GLASS 
BOTTOM-ETCHED 
TOP  " 


SILVERED  BOWL^      MIRRORED  & 

LAMP  &  PRISMATIC  GLASS 

SHALLOW  .SHIELD 


RLM  DOME  CONE  REFLECTOR  OPAQUE  OR         GLASSTEEL  OlPPUSER  » 

<*  LUMINOUS  BOWL  ,  ' 

Figure  69.  Shades  and  Reflectors  Used  on  Incandescent  Lamps 
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Wiring 


rtnp  J1  f  "»  accompl  shed  by  the  manufacturer  of  most  luminaries.  A  stranded  con- 
ductor is  used  for  flexibility.    The  insulation  is  determined  by  the  wiring  met'hod  and  * 
expected  use  of  the  lighting  unit.  *  meinoa  ana 


FLUORESCENT  LIGHTING 


The  development  qf  fluorescent  lighting  systems.has  provided  a  method  of  lighting 
that  giv*s  a  high  efficiency  per  watt  of  electricity  used.  Fluorescent  lighting  provide! 
two  or  three  times  as  much  light  as  incandescent  lights  of  the  same  wattage     Since  • 

E^t*  U?!fS  T  l6SS  WaUage  th6y  Pr0duce  less  heat-    71113  is  311  important  factor 
where  zir  conditioning  is  used.     Basically,  a  fluorescent. lamp  is  an  electronic  device  - 
It  consists  of  a  glass  cyiferfer  that  contains  either  argon  or  krypton  gas,  a  drop  of 
mercury,  and  an  inner  coating  of  fluorescent  chemical.   The  chemical  used  ior  coat'ing 
determines  the  color  of  light  emitted  from  the  tube.   The  end  of  the  tubes  are" 'sealed 
and  they  contain  electrodes  necessary  to  connect  the  lamp  intone  electrical  circuit  . 
These  electrodes  are  connected  inside  the  lamp  to  the  elements  at  each  end.  These' 

I  iSI? MS  eml"frS       collectors  (cathodes  and  anodes)  that  give  off  and  accept! 
electrons-alternately  m  frequency  with  the  voltage  fjiput  sine  wave. 


In  figure  70  are  the  parts  of  a  fluorescent  lamp  of  the  bipin  type  that  would  be 
used  in  a  preheat  or  rapid  start  system. 
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Figure  70.   Fluorescent  Lamp  Construction  * 


.       Ir  operation,  the  fluorescent  tube  is  basically  an  open  circuit  until  certain  factors 
change  and  provide  a  path  for  current  to  flow.   In  order  to  conduct  electricity,  a  drop  , 
of  mercury  inside  {he  tube  must  be  vaporized  to  provide  a  path  for  current  across  the  ' 
tube.  -Neither  the  current  flow  nor  the  vaporized  mercury  provide  any  visible  light 
When  the  mercury  Vaporizes,  it  produces  ultraviolet  rays  which  bombard  the  fluores- 
cent coating  inside  the  tube  and  cause  this  material  to  glow  ■ 


Types  of  Fluof  escent  Operating  Circuifc 


•Three  basic  types  of  fluorescent  systems  in  use  at  this  time:  'Wheat,'  rapid 
start,  and  instant  start.   Each  type  has  certain  equipment  commonTto  all  but  may 
vary  tn  construction.  One  such  item  will  be.  a  ballast.   Ballasts  provide  the  neces- 
,sary  starring  voltage  and  limit  current  flow. 
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$ach  sygtem  tfeqijire's  a  ballast  designed  specifically  forSjts  electrical  character- 
istics: the  kind  of  circuit  in  which  it  is  to  be  operated  and  the  voltage,  and  frequency 
%  qf  the  power  supply.  The  preheat  fluorescent  system  requires  a  starting  means  in 
conjunction  with  the  ballast.  This  may  be  either  a  masaal  or  an  automatic  switch 
commtKmlycalled  a  starter.   Figure  71  shows  the  internal  schematics  of  dffferJit  ' 
types-tf  starters.  * 


GLOW-SWITCH 
ST  ART  ER 


aiMET  ALIC  SWITCH 


THERMAL  SWl^pM 


Tvl  £R*MAL 
STARTER 


1 


Figure'71.   Fluorescent  Starters 


Basically  all  starters  have  certain  components  in  common.^  These  component  j 
include  a  condenser  for  suppressing  .radio  interference.   Sb'fAe  type  of  bimetallic  ** 
switch  for  closing  the  circuit  to  preheat  the  tube  is  needed.    T*he  starter  should  thon#  ^ 
open  to  help  give  a  starting  "kick"  of  voltage  from  the  ballast^ across  the  tube  to  $s-  *  ^ 
tablish  the  arc  ,and  cause  the  tube  to-light.  In  the  no  blink  starter,  a  second  bimetallic 
switch  is  added.   The"  second  element  will  actuate  and  cut. the  starter  out  of  the  circuit  <*  , 
after; several  unsuccessful  attempts  to  start  the^light..  This  condition  usually  takes 
place  \neqx  the  end -of  the  lamp  life.  The  nc>  blink  starter  helps  protect  the  baliast 
agiin3t  prolonged  high  preheat  current.    iTo  understand  the  operation  of  a  pyeheat 
fluorescent  lighting.system,  study  items  A,  B,  C,  and  D  in  figure  72. 

.Instant  Starter  Fluorescent  System 

*       t  • 

The  parts  of  .the  instant  start  system  are  the  ballast,  lamp,  and  lamp  holders.  In 
this  system,  the  lamps  are  made  with  specially  designed  cathodes  to  reduce  the  Joss 
of  electron  emitting  materials  .when  the  cathodes  are  subjected  to  the  high  starting 
voltages  (400  to  1000  volts*).  Jhis  high starting  voltage  ejects  electrons  from  the  elec- 
trodes .by  field  emission.  During  operation,  a  few  turns  of  wire  in  the  cathodes  become 
red  hot  to  continue-to  provide  free  electrons,  N^t  of  the  lamps vfor  instant  start  systems 
are  single  pin  type.  .The  Lamp  holders  are  designed  to  reduce  high-voltage  hazards  to 
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MERCURY  OROP 

— ^» 


CLOW  SWITCH  OPEN 
*       V  -  o 


*      ■  f 


*   -  ~* — — <   <  ■•■<■• — ^TORT*— 

power  switch  closed  ,V   v  v  ,v  v  ,'*\  _UAi 


SMALL  MACNEllC  FIELD 


*L-^  '/ /    lKrce  magnetic 

PREHEAT  OF  ELECTROOES  \S*-^I"^'// 


FIELO 


\ 


V 

I 


r, 


ESTABLISHING  LAMP  ARC 


RAOlO  MJlGNE'lC  PiELO 

"Ol*apse*sta^t  kick 


J     5j,     LAMP  GLOWS  ^       ^  ^> 
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n  aintenance  personnel  by  acting  as  a  switcn  to  disconnect  the  Oailast  unless  both  en-Is 
of  the  iamp  are  properly  positioned  in'the  lamp  holder .  Figure  73  shows  a  tvDicaTin  " 
stant  start  circuit  with  the  disconnect  lamp  holders  incorporated  into  the  svstem 


«=<. 
>  y  ■ 


i! 


Figu-e  73.  Instant  Start  Fluorescent  C.rcu.    »  * 
Fia"  r  *  zrr  riuorescen;  svstem 

'  t :  s  arting  means  jo^ihVr^picL.siari^system  is  incorporate*  late  theballas;  a- 
consis^  j:  iow-voltage  windings  or  separate  transformers  usea  witn  the  svstem 
Tnese  o\m.s  have  separate  windings  or  transformers  to  heat  the  lamp  --athodes  c 
tinuousw  5-«  jigure  74.  When  the  circuit  is  closed  and  the  svstem  energized,  ^ 
speciayrv;,,a.i1gs  will  quickly  heat  the  lamp  electrodes.  This  heating  will  cause  ion—* 
tion  in/ti>.  uu--4  and  allow  an  arc  to  strike  across  the  lamp  by  the  voltage  in  the  ma"" 
oailast  WIA..M*.     The  immediate  heat  of  the  cathodes  reduces  the  voltage  required" 


I  r 


Figure*  74.  Rapid  Start  Circuit*   °  \ 

to  strike  the  arc  across  the  lamp.   The  oailast  ban,  therefore,  be  made  smaller  and 
more  eL>3Utt.   An  external  starting  aid  consisting  of  a  grounded  conducting  plate  o 
meta..  wjmnted  next  to  and  extending  the  length  of  the  lamp  in  the  rapid  start  syst-ir  " 
.ae  rap:d'start  system  starts  more  quickly  than  the  preneac  svstem,  usuaUv~withi«  m* 
seoonv  under  normal  conditions.   In  high  wattags  tubes  used  for  outside  flood  strVe'" 
or  .Sign  lighting  two  design  features  are  incorporated  into  the  lamps.    A  coo'uv 
chamber  is  added  at  each  snd  of  the  tube,  behind  the  electrodes,  to  -educe  mercu^ 
vapor  pressure-  ariSi;  a  mixture  cf  gases  :s  used  tc  nroiong  electrode  life  and  rwrefore 
provide  good  lighting-maintenance.  i  ^ 
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Troubleshooting  Fluorescent  System 

i 

Bocaus*  qjf  the  difference  in  circuitry  and  parts  of  the  three  fluorescent  systems 
this  pox  tion  oJShe  text  will  cover  troubleshooting  by  system.     .  '  > 

.  Preheat  Circuit  *  '  I 


#  *  Trouble 

I.    Lamp  blinks 
op  and  off 


2.    Lanip  starts  sl'owly 
*  or  not  at  all 


\ 


3.    Lamp  ends  remain 
lighted  ~* 


Instant  Start  Troubles 

1.  Lamp  will  not  light 

2.  Lamp  spirals  \ 

3.  -  Lamp  flashes  orange 
4V  End  4|  lamp  black 


Location " ; 

a.  end  of  lan>p  life 

b.  *  staf ter  Ineffective 
c    lo^t  line  voltage 

d.  low  ballast  rating 

e.  low'  temperature 

f.  cold  drafts 

g.  leads  crossed 

4  * 
t 

\  a.    end  of  lamp  life 

b. ^    lamp  not  making 

proper  contact 
with  lampholder  • 

c.  starter  bad 

d.  ballast  open 

a.  starter  capacitor 

b.  starter  switch 

C.    circuit  incorrect 


a.    lamp  at  end  of  life 

ballast  open- 
ly   Lamp  at  end  of  life 

c.  lamp  at  end  of  life 

d.  lamp  £t  end  of,  life 


Solution 

a.  replace  lamp 

b.  replace  starter 

c.  check  voltage 

d.  replace' ballast 

e.  change  .fixture 

f .  <j  shield  fixture 

g.  cfheck  wiring  of  * 
fixture 

a.  replace  lamp 

b.  'check  lamp 
contact 

c;  replace^  starter 

d.  replace  ballast  • 

2t.  replace  starter 

b.  replace  starter 

c.  ^  checfc  wiring 

a:    replace  lamp 

b.  replace  lamp' 

c.  replace  lamp 

d.  replace  lamp  * 


v 
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^  CAUTION:  Start  voltage  is  extremely  high.   Continued  spiraling  or  flashing  will  damage 
the  ballast,  %"  >  *  '  K* 

Rapid  Start  Troubles  «      v  *%         \  *  > 

1.    Lamp  start  slow  or              a.    lamp  dirty  ^  clean  lamp,, 
not  at  all  th  high  hu- 

midity  conditions  .                a.    starting  aid  I      ■  connect'starting  aid 

disconnected  ,  \       to  ground 

1.    Lamp  starts  slowly  a.    heating  at  one 

cathode  only 


rted  leads , 


tforrodeg/or  dirty 
tiasepiE 

\imp£ope^  ^ring 


(9 
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Suspending  Fluorescent  Fixtures    •  ■  •       '  ' 

Fluorescent  fixtures  are  usually  suspended  from  the  ceiling  by  conduit  or  chains.^ 
'Wall  fixtures  are  attached  directly  to  the  boxes.  ^ 

.» 

SUMMARY*  *' 

Lighting  is  classified  by  the  manner  in  which  light  is  'distributed.  The  five  general 
classifications' are  direct  lighting,  'semidirect  lighting,  general  diffuse  lighting,  semi- 
indirect  lighting  and  indirect  lighting.  •  *    \      %  * 

t  1     -   "     v  "  ,  v 

There  are  many  different  typgs  of  incandescent  lamp  sockets  available^;  most  of 
them  are  controlled  by  a  wall  switch;  however,  some  are  controlled  krpull  "chains  or  * 
thumb  operated  switches  for  use  when  the  wall  switch  control  is  ^mpractic|lr    "        1  V' 

Fluorescent  lighting  is  generally  preferred  over  incandescent  lightlng'be cause  pfnts 
efficiency  arid  longer  lamp  life.  Fluorescent  lamps  contain  poisonous  powder  which  may  < 
cause  infection;  therefore,  care  should  be  t^ken  to  prevent- breakage  oU&nps  during 
removal  and  replacea^nt.      -  t  * .       |a  ::r* 


^         /  \  .     3 SI 


«  w 

quest:ons  » 

1.  What  are  some  of  the  disadvantages  of  direct  lighting? 

2.  '  Why  is  indirect  lighting  installed  in  offices  and  drafting  rooms 

3.  On  what  type  of  lamp  is  the  "Mogul"  base  used? 

4.  What  is  the  main  purpose  of  the  starter  in  fluorescent  light  fr:o 

5.  What  is  the  purpose  of  the  ballast? 

REFERENCES 

National  Electrical  Code 

2.  NfPA  Handbook  of  the  NEC  by  H.  P.  Richter 

3.  Electrical  Trades  Blueprint  Reading/  1969  Edition 
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TROUBLESHOOTING  NONMETALLIC  SHEATHED  CABLE 


OBJECTIVE 


This  study  guide  is  to  help  you  become  familiar  with  the  types  of  troubles  you  will*** 
find  in  wiring  systems  and  the  procedures  for  locating  and  correcting  them. 

INTRODUCTION 

To  be  a  good  electrician  it  is,  important  for  you  to  be  able  tftroubleshoot  a  defec- 
tive system.  If  you  do  this  in  a  logical  sequence  it  will  prevent  damage  to  equioment 
and  save  many  man-houf  s.  4  H 

It  is  very  important  that  the  person  troubleshooting  a  system  use  common  sense 
Analyze  the  problem  by  considering  what  the  person  reporting  the  trouble  says  as  well  , 
as  reading  the  schematic,  then  try  to  visualize  how  a  circuit  could  react  to  certain 
situations.  ».w»i.«*u 

INFORMATION 

TYPES  OF  TROUBLES 

,    Troubles  in  an  electrical  system  can  be  classified  as  either  an  open,  ishort  " 
ground.or  a  combination  of  these.  ' 

Open  Circuit 

-      An  open  circuit  is  one  that  has^  no  complete  path  of  continuity;  therefore,  nothing 
is  able  to  work.    A  circuit  may  be  intentionally  opened  by  means  of  a  switch,  by  re- 
moving a  fuse,  or  by  disconnecting  the  circuit  at  some  terminal.  A  circuit  may  be  un- 
intentionally opened  by  a  broken  switch,  a  blown  fuse,  a  burned  out  unit  of  resistance 
a  loose  connection,  or  a  broken  or  burned  conductor.   An  indication  that  a  circuit   "  ' 
could  be  open  will  be  that  the  unit  is  not  operating.    That  is,  the  lamp  will  not  light 

motty  will  not  run  or  the  toaster  will  not  get  hot.   This  is  by  far  the  most  common 
.ype  oftrouole  you  will  run  into.  - 

»  « 

» 

Short  Circuit  . 

<-  short  circuit  results  when  two  conductors  of  different  potential  come  in  contact 
*'v::.i  eacn  other  which  bypasses  a  unit  of  resistance.  When  this  occurs,  the  protective 
«vire  is  normally  opened.  A  short  circuit  will  also  occur  when  conductors  of  the 
Sims  potential  come  in  contact  with  each  other  but  no  resistance  is  bypassed.  This 

referred  to  as  a  shorted  control.   An  example  being  a  switch  loop  wher-  the 
■  .  ^.xJuctors  of  che  io*p  are  touching^and  bypassing  the  switch  (not  a  unit  of  resis- 
*-      -sr.  this  occurs  the  device  being  switched  will  operate  continually. 


Grounded  Circuit 

m 

If  the  conductor  is  making  contact 
unintentionally  with  some  metallic  part 
of  the  wiring  system  such  as  the  conduit, 
motor  frame,  or  appliance  frame  as 
shown  in  figure  75,  it  is  called  a  ground. 


BARE  WIRE  TOUCHING  H 
METAL  CONOUIT 


CEP -OH 

Figure  75,   Grounded  Conductor 


This  is  not  to  be  confused  with  an  intentional  ground  such  as  the  service  entrance 
switch  ground  or  the  bonded  conduit  system.  1 

Unbalanced  Load 

An  unbalanced  load  may  result  in  heating  of  the  wiring  and panelboards  and  blown 
fuses  or  tripped  breakers.  An  unbalance  occurs  when  one  side  of  a  3  or  4  wire  circuit 
has  a  greater  load  than  the  other,  figure '78A  /  This  can  be  readily  cheoked  by  using  a 
clamp-on  ammeter  and  taking  ampere  readings  when  the  circuits  are  loaded.   The  most 
logical  place  to  take  the  readings  is  at  the  drip  loops  of  the  service  entrance.  Unbal- 
ance can  be  corrected  by  changing  part  of  the  connected  load  from  the  overloaded  side 
to  the  lightly  loaded  side,  figure  76B.   If  this  cannot  be  done,  part  of  the  load  may  be 
transferred  tcr  another  circuit  or  a  new  circuit  may  be  installed. 


UNGROUNDED  CONDUCTOR 
3  3l  amps      *         FOUR    !00  WATT  BULBS 


5)  f))     '  IDENTIFIED 

^  ' — ^CONDUCTOR 
(NEUTRAL) 


UNGROUNDED  CONDUCTOR 
Figure  76B 


TWO    200  WATT  BULBS 


Rigut:  Correctly  balanced  400  watts  on  each  circuit.   Minimum  current  flow 
in  the  neutral  conductor. 


70  ,  ' 


UNGROUNDED  CONDUCTOR 


ONE  60  IDENTIFIED 
watt  .CONDUCTOR 
(NEUTRAL) 


\)NGROUN 


DED  CONDUCTOR 


SEVEN    300  WATT  8ULBS 


Figure  76A  4 


^  Wrong:  Circuit  not  balanced.   360  watts  on  one  circuit,  2100  watts  on 
••  t    other  circuit.   Excessive  current  flow  on  the  neutral  conductor. 


Types  of  Shorts  and  Grounds 


/ 


rf*JS ?n   ^  g      ,  !  "?uy      Slthfr  SOlid'  partia1'  0r  floating-   These  conditions  will  ' 
depend  on  how  complete  the  connection  is  through  the  shorted  portion  df  the  circuit 
In  a  solid  short  or  ground,  the  wires  may  actually  become  welded  to  each  other  or  to 
the  conduit.  This  welding  provides  an  excellent  connection  and  is  the  easiest  short  o  ' 

n^ln^h  f  °rt  °r  gr°und  °CCurS'  wlien  Dart  of  ^  resistance  is  bypassed  but 

not  enough  to  increase  current  great  enough  to  trip  the  protective  device.   A  floatinr 

u  .gF0Un?; *  ^  type        °CCUTS  occasionally  or  intermittently.   This  is  the  most 
difficult  type  of  rouble  to  locate.  This  trouble  will  normally  haopen  in  older  wSnT 

c^ndu^to       S  t0       Pr0bl6m  ^  t0  r6plaCe      Wiring  to       circuit*  ^th  new' 


TROUBLESHOOTING  PROCEDURES  * 

JI?nlle         mfterS  ^d  ?th,6r  pieC6S  °f  e^Wert  a^available.toyou-for  troub:e- 
shooting,  the  most  important  thing  involved  is  your  common  sense,  'tfo  becomeskiWed 
at  troubleshooting,  you  need  to  follow  a  logical  sequence  of  operations.   First,  if  pos- 
VSm^^T  .  t  hauPPened  with  someone  present  when  the  circuit  malfunctioned. ' 

H  k    w  Whfu  t0°k  Place  ***  wHat  he  Served.  Second,  make  a  visual  ,irt-  - 
spection  and  checker  the  obvious  trouble.  Many  times  the  trouble  is  easily  seen  • 
hl« UnL 1°^  Wlr6S  °r  connectors,  loose  terminals,  signs  of  overheating  such  as 
blackened  spots  on  equipment  or  burned  or  broken  insulation.   Can  you  smell  any 
burned  insulation?  Can  you  feel  any  overheated  units  ?  Don't  overlook  the  obvious    •  • 
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Is  it  %  burned  out  light  bulb?  Is  the  appliance  plugged  in  and  turned  on?  A  good  visual 
inspection  will  solve  many  of  your  trouble  calls.   Next,  if  possible,  ntake  On  opera- 
tional check  of  the  circuit;  If  a  short  or  ground  exists,  protective  devices  will  actuate 
before  the  circuit  can  operate.   Even  this  fact  is  useful  to  you  in  troubleshooting  as  it 
will  more  closely  identify  the  type  of  trouble  you  are  hunting.   If  several  outlets  are 
involved  on  the  same  circuit,  disconnect  the  load  from  each  outlet  and  then  checjc  the 
circuit:  If  the  circuit  checks  clear  of  trouble,  the  problem  is' in  one  of  the  units  using 
power.  Connect  them  one  at  a  time  and  check  each  individually  until  you  find  the  one 
that  causes  the  trouble.   This  step  will  locate  many  of  your  troubles. 

If  these  previous  steps  have  not  located  the  trouble,  you  are  going  to  have  to 
THINK!  Try  to  analyze  the  trouble.   The  indications  that  you  have  received  should 
tell  you  what  type  of  trouble  you  have.   Lamp  Bulb  won't  light?  Motor  won't  run ?  • 


You  have  an  open  circuit.  Lamp  bulb  burns  out  as  fast  as  it  is  turned  on  -check  foK  ' 
improper  power.    Circuit  breaker  trips  as  soon  as  power  is  applied?  This  indicates 
a  shoit  or  gound.  CanTt  turn  the  appliance  off?  The  problem  is  a  shorted  control  dX 
vice.   If  a  wiring  diagram  or  schematic  of  the  system  is  available,  make  use  of  it. 
Check  e&  see  where  the  circuit  goes  and  what  equipment  is  tied  into  the  circuit.  See 
if  there  is  a  common  junction  box  or  conduit  run  where  shorted  circuit  .could  occur. 

* 

Use  of  Meters  t 

If  the  trouble  has  still  not  been  located,  you  will  require  a  meter.'  The  two  types 
of  meters  generally  available  to  you  will  be  a  multimeter  and  a  clamp-on  meter.  The 
mult;  meter  is  the  more  versatile  of  the  tw.o  meters  since  most  multimeters  inc'orpor-  ' 
ate  a  -/oltmeter,  miUiammeter,  and  ohmmeter  in  the  same  case.   You  should  already 
be  fa-niliar  with  this  meter  from  past  blocks  of  instruction.    Other  test  devices  some-  \ 
times  available  to  you  will  be  a  voltage  indicator,  sometimes  called  a  Mwiggins,  M  a 
megolimmeter,  called  a  "megger,  "  and'used  to  check  insulation  resistance,  and  a  con- 
tinuity light.    You  will  see  other  test  equipment  that  has  been  assembled  locally,  but 
such  equipment  is  l^est  left  alone. 

-Let's  start  ^vith  a  voltmeter.  A  voltmeter  is  used' in  live  circuits  to  locate  open 
circuits  or  improper  power.   Figure  77  demonstrates  troubleshooting  an  open  circuit 
with  a  voltmeter. 

/.       ~       '  .  *■ 
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Figure  77.  Troubleshooting  Open  Circuits  with^  Voltmeter 

a 

In  this  situation,  two  lights  are  controlled  by  one  switch.   One  light  burns  the  • 
other  does  not.    Replacing  the  bulb  has  not  .solved  the  problem    Meter  indicalions 
show  that  voltage  is  available  to  the  silver  and  gold  terminals  at  th SSSSS 13 

5^25!  1S.        ^  thr°Ugh  the  recePtacle-    This  indicates  that  the  contacts  in  " 
the  receptacle  are  cJpen  and  it  must  be  replaced.   You  will  note  that  the    S  i, 
between  where  the  meter  read  115  volts  a'nd  where  it.  rSd  >  volt Open  circuits  are 

a  shorted  or  grounded  circuit  a  voltmeter  or  ammeter  will  not  be  used  except  in  very 
special  cases.-  The  preferred  test  instrument  will  be  the  ohmmeter.^  To  prevent  dam  • 
age  to  the  meter  BE  SURE  ALL  POWER  TO  THE  CIRCUIT  IS  DISCONNECTED  Isolate 
the  circuit  by  disconnecting  the  conductors  from  the  circuit  breaker,  open  the  other  end 
of  the  circuit  by  disconnecting  any  equipment.  .  ' 

Using  theiohmmeter,  read  between  any  two  conductors  in  ariy  section.of  the  circuit 
unW  all  conductor  combinations  have  been  checked.   A.zero  reading  indicates  a  short. 

S^SXf  %g         ?    a,n  ohmmeter  the  s*n*  procedure  is  used  except  thaUhe  reari- 
ng is  taken  from  each  unidentified  conductor  to  ground.  Whan  a  zero  reading  is  ob- 
tained you  have  located  the  ground.  L  reaaing  is  od 

h,p  .?~.?»th!  m^nGtidn  hSS  been  iderttified  and  Seated,  the  steps  necessary  to  repair  ' 
he  circu    should  be  obvious.   After  the  repairs  have  been  made,  don't  forget  to  check 

'   l°U  Sh°Uld  Perf0?m*  inspection  to  assure  thkt_connect7ons  are 

ight,  that  no  bare  wire  is  exposed,  extra  wire  is  neatly- shaped  and- folded,  wire  is  of 

SL  ?^5LF  f126r,/yPe  ^  that  the  P^tective  ^vices  are  the  correct  sizeand  oper- 
ate correctly    Perform  an  operational  check  tq  assure  that  all  troubles  have  been 
corrected  and  all  units  operate  correctly.  Test  for  correct  voltage  with  a  voltmeter.  ' 

SUMMARY 

There  are  three  types  of  electrical  troubles.    These  are  opens,  sho>ts  and 
grounds.  Each  type  of  trouble  has  its  individual  characteristics  and  signals  or  indi- 
cations. These  indications  will  aid  you  in  locating  and  correcting  theproblem 
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Troubleshooting  requires  common  sense  and  follows  a  logical  sequence    Trv  to 
learn  what 'caused  the  trouble  first.  Ask  about  the  trouble.   Perform  a  visual  inspec-' 
ion    J. possible,  within  safety  limits,  perform  an  operational  check.  Analyze  the 
trouble.  Decide  what  type  of  trouble  you  have  from  the  infor  mation  you  have  received 
Check  a  wiring  diagram  or  schematic  if  available.   Know  your  test  instruments  and  how' 
to  use  each  of  them. 

An  unbalanced  load  may  result  on  heating  of- the  wiring  and  panelboards  and  blown 
fuses  or  tripped  breakers,  it  is  important  that  minimum  current  is  always  flowing  in 
the  neu.ral  conductor.  . 

QUESTIONS  *  * 

1.  What  effect  will  an  open  circuit  have  on  the  unit  using  power? 

2.  What  is  the  condition  called  where  all  resistance  in  a  circuit  has  been  bypassed?  % 

3.  "What  will  be  the  indication  if  two  hot  wires  on  different  phases  come  in  electrical- 

contact? 

\  '  -  *  '  * 

•  4-.  Wnat  types  of  shorted  circuits  are  there?  '  -  . 

'•;  *       .  .  *5> 

5.  What  is  meant  by  "analysis  of  circuit  fault"  ? 

6.  What  is  the  preferred  meter  for  locating  open  circuits  ? 

7.  'Why  ckji't  a  voltmeter  be  used  to  locate  certain  kinds  of  shorted  circuits? 

8.  Y/hatjrnust  be  done  to  protect  the  ohmmeter? 

9.  What  is  the  purpose  of  balancing  a.lqad  on  3-  or  4 -wire  circuit? 

>> 

10.  'What  type  of  meter  is  used# normally  to  balance  3-  or4-wire  circuits? 
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NATIONAL  ELECTRICAL-COEXE,  ELECTRLCAL  TERMINOLOGY,  /" 
AND  BLUEPRINT  READING 

1  PROJECT  1 

NATIONAL  ELECTRICAL  CODE 

OBJECTIVE 

Given  a  Nationai^Iectrical  Code,  list  the  purpose  and  scope  of  the  National 
Electrical  Code. 

i  * 
INSTRUCTIONS  •  , 

Use- the  National  Electrical  C^ode  to'bbtain  the  required  information  for  completing 

.each  of  the  following  statements:  ■ .  *  $ 

*.  * 

1.  The  National  Electrical  Code  is  sponsored  by 


v.        2 .   What  is  the*  purpose  of  the  NEC  ? 


3.   List  two  areas  covered  by  the  scope  of  the  NEC. 
a. 


b. 


4.  The  NEC  is  divided  into  chapters. 

5.  Definitions  are  covered  in  article  of  th'e  NEC 
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6.  The  table  that  specifies  "Properties  of  Conductors."  is  located  in  chapter 
no.   and  page  no."  '  >  ^  '  * 

*  '\ 

7.  The  maximum  size  of  nonmetalli£  sheathed  cable  is  „  — 
Article  no.   ;  . 

8.  The  table  that  specifies  allowable  Ampacities  of  insulated  copper  conductors 

*       *■                   '  • 
in  free  air  is  located  in  chapter  no.   page  no.   

9.  ^  Article  no/  page  no.  j   >  pertains  to  service  entrance 

cable*  n  - 

10.  General  requirements  for  wiring  methods  isfouhd  in  article  \ 

beginning  on  page  no.   

11.  Nonmetallic  sheathed  cabis  shall  be  secured  in  place* at  intervals  not  exceed- 
ing  ^feet  and  within  inches'from  every  cabinet,,  box,  or 

<a                           .  ■ 
fitting  as  required  in  article  no.   '  . 


12.  Service  drop  conductors  sball  have  a  clearance  of  not  less  'than  

13.  Soldered  splices  shall  first  be.so  spliced  or  joined  as  to  be    v  . 


and  ^secure  without  solder  ahd  then  soldered.  Article  no* 

*  » »  .# 

page  no/  .  -  ,  - 


14.  Article  no.    page  no.  -   pertains  to  services, 

15.  Wiring  requirements  for  commercial  garages  will  be  located  in  article  no. 
_^  ~x    beginning  on  page  no.   .  f  - 


PROJECT  2 

ELECTRICAL  TERMINOLOGY 
OBJECTIVE  v  "* 
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of.  eachVteenrmNati°nal  EleCtriCal  Code       a  Ust  of  electrical  terms,  write  the  definition 

INSTRUCTIONS  .  ' 

jj*  * 

Using  the  NEC,  write  thf  definition  of  each  of  the  following  terms: 
1-    Accessible  (as  applied  to  wiring  methods)  " 

2.  Accessible  (as  applied  to  equipment) 

/ 

3.  Ampacity" 

4.  Approved 

5.  Bonding 

6.  Branch  Circuit 

* 

7.  Building         *  \- 

8.  , Circuit  Breakers 


9.  Concealed 


10.  Device 


ERIC  '* 


11.  Disconnecting  Means 

*  9 

f  « 

12.  Equipment 


13.  Feeder 


14.  *  -Fitting 


15,  Ground 


16.  Grounded 


17.    Grounded  Conductor 


18.,  Identified 


19.  Outlet 


*20.  Panelboard 


•      21.    Qualified  Person 


22.  Raceway 

23.  Receptacle 


24.   "Receptacle  Outlet 


25.  Service 


26.    Service  Drop 


27.    Service-Entrance  Conductors 


28.    Service  Equipment 


29.    Utilization  Equipment 


30.  Fuses 
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PROJECT  3  ' 
NATIONAL  ELECTRICAL  CODE 


OBJECTIVE 


Given  a  National  Electrical  Code  and  selected  electrical  problems,  list  the  correct 
answer -to  each  problem 

INSTRUCTIONS  * 

Use  the  National  Electrical  Code  to^complete  the  following  statements:  1  • 

When  installing  ground  rods,  what  article  in  the  NEC  should  be  consulted? 


und  rods,  what 


2.  Four  electric  ranges  of, 12  KW  each  are  .to  be  installed.  What  article  of  the 
code  should  be  consulted?  '1   


3.    How  would  you  determine  tire  size  oi  the  service  equipment  and  conductor  to 
install  for  a  single  family  dwelling? 
/  '1  \  


4.  A  number  2  AWG  service -entrance  is  to  be  installed.  What  size  must  the 
system  ground  conductor  be*?  AWG  ' 

5.  In  residential  occupancies,  the  NEC  requires  one  15-amp  lighting  circuit  for 
every  square  feet. 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-II-1 
National  Electrical  Code 


Basis  of  Issue 
1  /student 
1 /student 
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^  "  ' PROJECT  4 


OBJECTIVE 


BLUEPRINT  READING 


Given  a  blueprint,  tfEC,  tand  selected  electrical  installation  problems,  identify 
locations  and  list  Ntoe  wiring  requirement  for  electrical  component  "installation  to  meet 
National  Electrical  Code  and  blueprint  specifications.  -     '  '  * 

INSTRUCTIONS 

Provided  information  and  figure  1,  complete'the  following  questions  concerning 
blueprint  reading:  ' 


1.   How  many  home  runs  are  on  the  print? 


2%  How  many  "Special-Purpose  Outlets"  are  on  the  print? 
3.  Is  the  wiring  concealed  or  exposed?  


4.   How  many  "Single-Pole  Switches"  will  be  needed  to  wire  this  project  ? 


5.   What  is  the  ampacity  rating  of  the  Special-Purpose  Outlets?  * 


6.  •  Ho*  many  conductors  are  between  the  switch  and  the  fluorescent  fixture? 


7.   How  many  lights  will  be  installed  in  this  project? 


8.   What  type  and  size  wire  will  be  used  in  this  project? 


9.   How  many  floor  outlets  are  there  in  this  project? 


10.  How  many  duplex  convenience  outlets  are  there  in  this  project? 

11.  How  high  from  the  floor  will  the  switches  be  mounted? 


12,   How  higli  from  the  floor  will  duplex  convenience  outlets  be  mounted? 


•  13.  Will  the  conductors  supplying  the  fluorescent  fixture  run  to  the  fixture  first  or 
to  the  switch  first? 
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14.  What  is  the  voltage  ftf  the  Special-Purpose  Outlets' 


15.  How  many  conductors  are  between  the  switch  and  the  duplex  convenience  outlet? 


EQUIPMENT  AND  SUPPLIES 
WB  3ABR54230-1-II-1 


Basis  of  Issue 
1 /student 


if' 
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NOTES: 

1.  Switches  will  be  mounted  48"  from 
the  floor, 

2,  Outlets  will  be  mounted  12"  from 
the  floor, 

3,  Special-purpose  outlet  is  15  amp, 
240  volts 

4.  Conductors  will  be  #14  copper  non- 
metallic  sheathed  cable,  concealed 


s 

Switch  - 
Single -pole 

o 

Ceiling 
Light 

s3 

Switch 
Three-way 

Duplex 

Convenience 

Outlet 

S4  ' 

Switch 
Four-Way 

® 

Receptacle 
Special-Purpose 

Panelboard 

Light 

Fluorescent 

w 

Service 
Entrance 

Conductor 
Two-wire 

Homerun 

* 

Conductor 
Three-wire 

Figure  1 
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Departmlent  of  Civil  Engineering  Training  * 
Sheppard  Air  Force  Base,  Texas* 


WB  3ABR54230-1-II-2 
July  1975 


CONDUCTORS  AND  OVERC URRENT  PROTECTIVE  DEVICES 

PROJECT  1.     •    *    &  ' 
'  CONDUCTORS 

OBJECTIVE 

Given  the  National  Electrical  Code  and  a  list  of  conductor  sizes  and  insuiation  types 
list  the  amount  of  current  each  conductor  will  carry. 

EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-H-2 
National  Electrical  Code 


Basis  of  Issue 
1 /student 
1 /student 


INSTRUCTIONS 

«, 

Using  the  National  Electrical  CoQe,  complete  the  following  statements: 

1.  A  12 -gage  conductor  is  (larger,  smaller)  than  a  14 -'gage  conductor. 

2.  Conductors  of  the  same  size  and  insulation-type  will  carry  (more,  less,  same) 
current  in  free  air  than  in  raceway  <&r  cable. 

3.  As  the  temperature  increases  in  a  conductor,  the  resistance  (decreases 
increases).       •  ' 

4.  A  12-pge  single  solid  aluminum  conductor  used  under  the  same  conditions  as 
a  12 -gage  single  solid  copper  conductorwill  carry  (more,  less,  same)  current. 

5.  The  type  of  insulation  on  a  conductor  (does,  doesnot)  affect  the  current -carrvine 
capacity  of  the  conductor.  '  6 

*  » 

6.  A  no.  4  gage  stranded  conductor  is  made  of   strands.  / 

number  1  / 


4  * 
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Use  Tables  310-12  and;310-14  and  also  the  notes  to  Tables  310712  and  3U0-14 
to  assist  you  in  figuring  the  following* problems.      '  ,  ' 

a,      What  is  the  current -carrying  capacity  of  an  8 -gage  single  solid  copper 
TW  conductor  when  used  ift  a  raceway  or  cable  containing  4  each  of 
these  conductors?  *  (Show  Jrour  figures, ) 


.  r  AKSWER 

What  is  the  amperage  carrying  capacity  of  a  6-gage  single  solid 
aluminum  kH  conductor  when  used  in  a  raceway  or  cable  contain- 
ing eight  each  of  these  conductors?   (Show  your  figures,  f 


ANSWER 


CONDUCTOR 


CURRENT-CARRYING* 
;  1  CAPACITY 


(A) 

7  <B) 

/(C) 

/(D) 

/  (E) 

TW 

COPPER 

3 

12 

RH 

COPPER 

2 

4/0 

Ml 

ALUMINUM 

4 

10 

THWN 

COPPER 

9 

14  ' 

•  •'  V 

THHN 

COPPER 

25 

6 

A/L 

COPPER 

2 

12 

AVB 

COPPER  - 

43 

8  - 

T 

ALUMINUM 

I 

500mcm 

RHH 

COPPER 

19 

10 

.RHW 

ALUMINUM 

I 

I 

r 


3.     Have  your  instructor  check  and  sign  this  project. 
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OBJECTIVE  T  ^p^^^^V 


Given  the  National  Electripal  Co^nS^»,circuits,  lisfthe  proper  size  . 
conductor  to  use  in  accordance  wy>,thi^^^^^,e(Jtrical  Code. 

INSTRUCTIONS  "  '  * 

Use  the-National  Electrical  Code'to  complete  the  following  stafement: 

™'„A  Cir^  f0r  a  clothesdryer  would  require  AWG  conductors 

with  TW  insulation.  „  1  

'J:   A  domestic  electric  range  would  require  AWG  conductors  with 

KHW  insulation. 

™,A  20°-amp  service-entrance  will  require  __  AWG  conductors 

with  TW  insulation.  '  <a 

4.  The  smallest  type  TW  neutral  feeder  conductor  supplying  two  KW  ranges  shall 
be  J  '  AWG. 
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PROJECT  3  ' 
OVERCURRENT  DEVICES 


OBJECTIVE 


Given  the  National  Electrical  Code  and  a  list  of  overcurrent  devices,  select  facts 
pertaining  to  the  different  types  of  overcurrent  devices  in  accordance  with  the  National 
Electrical  Code. 

INSTRUCTIONS      0  r 

Using  your  National  Electrical  Code,  observe  the  drawings  below  and  determine 
where  each  fuse  may  be  used.  Determine  the  maximum  voltage  that  may  be  applied, 
to  each  type  fuse.  Determine  the  maximum  current  that  each  type  fuse  can  carry. 


L 


Use: 


Maximum  Voltage: 


Maximum  Amperage:  ~ 


Plug  fuse  with  round  window 


Use: 


Maximum  Voltage: 


Maximum  Amperage: 


Plug  fuse  with  hexagon  window 


3. 


nmrt  blaoc  type 


Cartridge  fuse  with  knife -blade  contacts 
4. 


Use: 


Maximum  Voltage: 


Maximum  Amperage: 


Use: 


Maximum  Voltage: 


Maximum  Amperage: 
14 
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PROJECT  4 

OVERC  URRENT  "DEVICES 
OBJECTIVES  •  * 

Given  a  list  of  overcurreht  devices  and  the  National  Electrical  Code  select  the 
correct  overCurrent  device  to  meet  the  National  Electrical  Code  requirements. 

INSTRUCTIONS  * 

Using  the  National  Edfctrical  Code,  complete  the  following  questions: 

%  1.    Where  may  plug-type  fuses  be  installed? 


2.    A  480-voIt,  200-amp  disconnect  is  to  be  installed.   Whaf  type  fuse  will  be  used? 


3.    What  type  overcurrent  device  and  current  range  would  be  used  for  a  residence? 


*  15 
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m-     .  HAl^TOOLS 
\  PROJECT  ,1 

OBJECTIVE  -   -  , 

Given  a  set  of  selected  handtoojs-,  identify  the  use  and  care  of  each  handtool. 


EQUIPMENT  AND  SUPPLIES 
WB  3ABR54230-1-II-3 

INSTRUCTIONS 

Fill  {he  necessary  blanks*. 


Basis  of  Issue 
1/student  . 


Name: 


Use: 


Maint: 


Name: 


Use: 


"Name: 


Use: 


Maint: 


.17 
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Name: 


Maint: 


4 


s  ths  Miint: 


M  i  I '  f  i 

1 

Ml  I'M 

Ml  fl  M| 

iiihlilililih 

ihlmlililili 

Hiliiiliiiliiif 

•  Name: 


Name: 


Nape: 


Name: 


Use: 


Maint: 


Use: 


Maint: 


Use: 


Maint: 


CHUCK 


Use: 


Maint: 


'  Name: 
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C3$ 


Name: 


Use: 


Maint: 


Name: 


Use: 


Maint: 


Have  the  instructor  cheok  your  worksheet 


Instructor 
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SINGLE  -PHASE  SERVICE  ENTRANCE  AND  PANELBOARDS 

PROJECT  1  ^ 

OBJECTIVE 

120/f4OOldif,abOOthara'  handtools>  and  a  working  drawing,  install  a  single-Dhaoe 
120/240-volt  service  entrance  and  grounded  panelboard  according  to  NEC  specifications . 

EQUIPMENT  AND  SUPPLIES 

WB3ABR542  30-l-n-4  f}SS£T 

H-Soth  -  •     •  J/2-2  ' 

Weatherhead  S.  E.. Cable  1/studSt 

Panelboard,  S.  E.  Cable  Connector 

Wood  screws,  cable  straps 

Split  bolt  connectors,  ground  conductor 

Voltage  Tester 

0hmmeter  .  ^  ^1/student 

INSTRUCTIONS 

c„^^°U.are  t0  comPlete  this  Project  in  steps.   Read  the  instructions  carefullv  B, 
sure  to  have  your  instructor  chec*  your  work  where  indicated ^before ^pr^ceeSng. 

Step  One 

You  are  to  install  a  service  entrance  as  shown  in  figure  2    Make  a  hill  of  th* 
material,  you  will  require.  Have  the  instructor  check        bill  JfS^^. 


proceeding 


Instructor 

Step  Two 


Assemble  the  servico^entrance^ve  the  instructor  check  your  'assembly 


Instructor 

Step  Three 


Install  the  service  entrance  components.  Have  the  instructor  check 


your  work 


Instructor 

4T 
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Step  Four 

^onnec*  the  s>c»"i 


entrance    HiVc  your  instructor  .heck  you  work 


Instructor 

NOTE*  DO  NOW  -ipply  power  until  told  to  do  so  by  your  instructor,^ 


Figure  2  # 

NOTES: 

'     1,    Service  will  be  120/240  volts  1ST.  % 

2.  Panel  will  be  installed  at  predrilled  hole. 

3,  Panel  will  be  bonded. 


4.    Ground  will  be  connected  to  driven  ground  electrode  or  waterpipfc. 


22  # 
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Assembly  of  Components 

Install  the  panelboard  on  the  wall  using  wood  screws.  Make  sure  the  box  is 
•straight  and  properly  secured.  Fasten  the  weather  head  (service  cap)  to  the  top  plat- 
above  the  panelboard  not  farther  than  24  inches  from  the  point  of  attachment  to  the 
service  drop  conductors,  refer  to  the  NEC  for  additional  instructions.   Install  an  S  E 

SSlLCTeCt°r  YifrltheJS"  E*  cable  wiU  mter  the  Panelboard.  Measure  the  distance 
between  the  panelboard  :md  weather  head  allowing  at  least  3  feet  for  the  drip  loops  and 
41/2  feet  for  connections  in  the  panelboard.  Recheck  your  measurements,  then  cut 
the  cable.  ' 

of  th™^\CabJV°  the  bUiW!ng  With  StrapS  or  other  aPProved  means  ,withm  12  inches 
of  the  weather  head  (service  cap)  and  panelboard.  ' 

drawing  COnductors       now  connectec»  to  the  panelboard,  as  shown  in  the  panelboard 
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PROJECT  2 


OBJECTIVE 


Provided  information,  tools,  and  materials,  connect  and  check  the  ground  con- 
ductor to  NEC  specifications. 

INSTRUCTIONS 

"You  tfill  use  the  drawing  in  project  1,  the  blueprint  drawing,  and  multimeter  to 
t    complete  this  project. 

1.   Extend  the  ground  wire  into  the  control  panel  (do  not  connect  the  wire  to  the 
neutral  bar).  4  „ 

"  2.   Using  the  multimeter,  measure  the  resistance  between  the  neutral  bar  and  the 
installed  ground.    (Be  sure  neutral  wire  is  connected  to  the  neutral  bar. )  The  resist- 
ance should  not  be  greater  than  25  ohms. 

4* 

3.   Have  the  instructor. check  your  work. 


Instructor 


0 
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^^eAL°lCi^l»n^he*ringTr^nin«t'  '  WB  3ABR54230-l-k-5 


^h^^Wk'^'v  -"6  *  -  -  WJJ  3ABR54230-1  -lX-5 

Sheppard  Air  Force  Base,  Texas  July 

NONMETALUC  SHEATHED  CABLE 
**~  PROJECT  1  ) 

objective' 

■  %  - 

NGM6n  ^or™^on  Pertaining  to  the  construction  characteristics,  types,  and  uses 
tton 'in  tne'NEC.  ""^  t0  e&Ch  pr°blem  by  "searching  the  informa- 

EQUIPMENT  AND  SUPPLIES  i 

.   Basis  of  Issue 

WB  3ABR54230-1-U-5    .        .  ,  1/8tudent 

National  Electrical  Code  1/student' 

» 

INSTRUCTIONS  ^ 

folto^nVs^atNemtTs:EleCtriCal         *  C°mPlete      r6qUir?d  info™**»  * 

1.  Bends  in  the  cable  may  not  be  less  than  '  0f  the  cable> 

2.  The  maximum  size  of  nonmetallic -sheathed  cable  is  AWG. 

3.  Nonnaetallic-aheathed  cable  must*be  secured  within  ,       inches  at 

boxes  and  at  foot  interval  in  a  run.  • 

4.  Cable,  when  exposed,  passing  through  a  floor  must  be  protected  by  

_  !  inches  above  the  floor. 

•   _--es„,  free  conductor  Uftinbox^  - 

6.  The  type  of  cable  that  may  be  used  in  dry  or  wet  locatiqji  is 

"T7        ~  !  '  '  *  

7.  The  purpose  oUhe  bare'conductor  in  nonmetallic -sheathed  cable  is 


*       8.  What  are  guard  strips  used  for? 
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PROJECT  2 


OBJECTIVE 


Given  the  necessary  tools,  equipment,  and  instructions,  make  and  solder  splices, 
Recording  to  NEC  specifications. 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-IT-5 
National  Electrical  Code 
Handtools , 
Soldering  gun 
.  Solder  and  flux 

INSTRUCTIONS 


Basis  of  Issue 
1 /student 
1/student 
1/student 
3 /student 
3/student 


Make  jat  least  two  pigtail  splices.  Have  the  instructor  check  them  and  then  use  an 
electric  soldering  iron  and  solder  each  of  your  splices  following  the  steps  bekn&{: 

1.    Plug  in  soldering  iron  and  allow,  it  to  heat.  * 

^  2/    Place  a  small  amount  of  rosin  soldering  flux  along  the  length  of  the  splice.   (If  * 
rosin-core  solder  is  used,  no  additional  flux  is  required. ) 

>3.    Place  the  soldering  iron  in  contact         *  * 
with  splise  arxf  allow  the  splice  to 
heat,   (Heat  splice  from  beneath 
whenever  possible) 


4.  Bring  solder  into  contact  with 
splice  and  work  toward  other 
end  of  the  splice. 

5.  Use  the  soldering  iron  to  apply 
only  enough  heat  so  the  solder 
will  melt  and  flow  into  the  turns 
of  the  splice, 

6.  Have  your  instructor  check  your 
work  and  sign  


noun,  mice 


SOlOCtWfQ  1*0* 


Soldering  a  Splice 


Instructor 


28 


413 


ERiC 


/ 


Taping 

•  * 

NOTE:  Follow  the  procedures  demonstrated  by  your  instructor  and  the 
directions  helow  to  tape  the  splices  you  have  just  soldered.  Use 
plastic  tape.  A  plastic  or  fabric  loom  is  used  to  insulate  splices 
.    in  motor  and  generator  windings  and  terminal  leads. 

*u  1'u?tZrt  the  tape  on  the  ^Pered  Part  of 'the  insulation  and  advance  toward  the 
other  end. 

2.    Apply  tape  by  overlapping  it  one-half  the  width  of  the  tape/ 


34? 


1    '     Using  Plastic  Tape 


3.  Continue  lapping  thte  tape  oh  the  splice  until  the  gap  is  filled  and  the  tane 
overlaps  on  th£  wire  insulation.  ,  jfc 


4.    Answeifyhe  following  questions.  / 

a.  Electrical  splices  must  be  

b.  The  pigtail  splice  must  be 


and 


secure. 


'  _t  inch  minimum. 

c.   Splices  in  motor  and  generator  windings  are  usually  insulated  with  a 


d.   To  prevent  oxidation  of  the  bare  wire,  you  apply 


to  a  splice  before  applying  heat. 
Checked  by  '   


Instructor 
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PROJECT  3 


OBJECTIVE 


( 


Provided  a  work  area  and  haudtools,  install^  a  circuit  in  N.  M.  cable,  containing 
a  ceiling  light,  a  single-pole  switch,  and  3.  duplex  receptacle,  according  to  "NEC 
specifications* 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-II-5 
National  Electrical  Code 
Wiring  Booth 

Nonmetallic -sheathed  cable 
Associated  equipment 
Ladder 


Basis  of  Issue 

1/student 

1/student 

1/student 

1/student 

1/student 

1/student 


INSTRUCTIONS 

Using  the  NEC,  materials  and  handtools,  complete  the  following  circuit. 
Step  one 

Observe  the  symbols  below.  Connect  the  symbols  below  in  a  schematic  drawing. 
Color  code  the  conductors. 

"  O — |H 


Have  the  instructor  check  your  drawing 
Step  two 


Instructor 


7 


You  will  use  the  blueprint  drawing,  see  figure  4,  and  the  bill  of  materials  to  com- 
plete this  project.   Using  the  bill  of  materials,  select  the  equipment  that  you  will  need 
to  wire  this  project.   List  any  materials  below  that  you  do  not  have  and  take  this  list  to 
your  instructor. 


Bill  of  Materials 

Sectional  boxes   .  *  •  -  2  each 

Octagon  box  t  1  each 

NM  cable^  connectors  ,  -  3  each 

14/3  Nonmetallic-sheathed  cable  -  as  required 

14/2  Nonmetallic-sheathed  cable  -  as  required 

Porcelain  keyless  fixture  1  each 

Single-pole  switch  1  each 

Duplex  convenience  outlet        -  -  .1  each 

NM  cable  staples  -  as  required 

Hanger  bar  -  1.  each 

'Nails  -  as  required 

Tape  -  as  required/ 

Ground  clips      ,  -  as  required 


30 


9 


421 


Step  Three 

^nm  In  y°Ur  b°uth'  ™e  the  CiFCuit  indica(*d  on  the  blueprint.  CAUTION-  DO  NOT 
-apply  power.   Have  your  instructor  check  your  project.        '        U11UIN-  UUWUi 

Step  Four  Ilk 
^    Operate  the  circuit  when  told  to  do  so.   Have  your  instructor  check  your  workbook. 


Instructor 


(DPS: 


NOTES  Figure  4  Ml)' 

1    Switch  will  be  mounted  48"  from  the  floor. 

2.  Convenience  outlets  will  be  mounted  12"  from  the  floor. 

3.  Only  the  ceiling  outlet  will  be  controlled  by  the  switch. 

4.  Boxes  will  be  mounted  to  accommodate  1/2"  plywood  finish  on  ceilings  and  wills. 

5.  Ceiling  light  fixture  will  be  a  porcelain  keyless  type. 
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PROJECT  4 


OBJECTIVE 


Provided  a  work  area  and  handtools,  install  a  circuit  in  N.  M.  cable_containing  a 
15-amp,  220-volt  receptacle,  according  to  NEC  specifications, 


EQUIPMENT  AND  SUPPLIES 

W®'3ABR542  30-l-E-5 
National  Electrical  Code 
Nonmetallic -sheathed  cable" 
220-volt  outlet 
Associated  Equipment 
Handtools 

INSTRUCTIONS  ^ 


Basis  of  Issue 
1/student 
1 /student 
1 /student 
1/student 
1/student 
1/fetudent  ' 


*    Using  the  NEC,  materials,  and  handtools,  complete  the  following  circuit: 
Step  One  >  *  * 

Observe  the  symbols  below  and  complete  the  circuit  by  drawing  and  color  coding 
*  the  conductors. 


GREEN 


^        GOLD  {J* — *\J  GOLD 
s  Have  your  instructor  check  your  work  ~ 


Instructor 


Step  Two 


Use  this  corrected,  drawing,  the^blueprint,  see' figure  5,  and  the  bill  of  materials 
to  complete  this  part  of  the  project.  Using  the  bill  of  materials,  select  the  necessary 
equipment.   List  any  equi^m^itjio^available* 

.Bill  of'Materials^ 


Sectional  box 

15-amp  240-volt  outlet 

Metal  box  clamps   .         ^  • 

14/3,Nonmetallic-sheathed  cable 

NM  cable  staples 

Tape 

NM  cable  connector 
Nails  c 
Ground  clips 


1  each 

1  each 

2  each 

as  required  , 
as  required 
as  ^required 
1  each 
as  required 
as  required 
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Step  Three 


Instructor  '  "  v 

Step  Four 

Apply  power  when  told  to  do  so  by  your  instructor.  Secure  a  voltmeter  and  check 
the  voltage  at  the  plug.   The  voltage  between  the  two  gold  terminals  * 

*    3  ' 

The  voltage  between  the  green  terminal  and  either  gold  is  

Have  your  instructor  check  your  work  J 


Instructor 


0 


— 33 
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(DTK 


*       "        Tigore  5 
NOtES:  •  \ 

1.  Special  purpose  outlet  will  be  15  amp  240  volt. 

2. -  ^Outlet  will  be  mpunted  12' •  from  the  floor, 

0 

3.  Box  will  be  mouiited  in  existing  sheetrock-  wall  by  means  of  metal  box  clamps, 

c 

4>    Box  will  be  mounted  flush  with  the  finished  wall. 


PROJECT  5 

OBJECTIVE 


i  ( 


Provided  a  work  area  and  handtools,  install  a  circuit  in  N.  M.  cable  containing 
two  trhree-way  switches  to  control  a  ceiling  ligjjt,  according  to  NEC  sp ignitions. 


EQUIPMENT  AND  SUPPLIES 


Basis  of  Issu$ 


WB  3ABR542  3  0-1-II-5  '  1 /student 

National  Electrical  Code  1/student 

Jtfonm eta llic -sheathed  cable  1/student 

Handtools  l/student 

Associated  equipment  1/student 

Ladder  .1/student  ; 

INSTRUCTIONS  *  - 

Using  the  NEC,  materials,  and  handtools,  complete  the  following'circuit: 

Step  one  ✓ 

Observe  the  symbols  below.  Connect  the  symbols  by  drawing  and  color  coding  the 
conductors. 


Have  your  instructor  check  your  drawing 


Instructor 


Step  Two 

> 

You  will  use  this  corrected  drawing,  the  blueprint  drawing,  see  figure  6,  and  the 
bill  of  materials  to  complete  this  project.   Use  the  bill  of  materials  and  select  the 
equipment  that  you  will  need  to  complete  this  project.  List  any  materials  that  are  not 
available  and  take  this  list  to  your  instructor. 


Instructor 

Bill  of  Materials 

i 

Octagon  box  -  1  each 

Sectional  boxe^  -  2  each  0 

Hanger  bar  -  1-each  v 

Three-way  switches  -  2  each 

NM  cable  connectors  -  3  each 

14/3  Nonmetallic-sheathed  cable  -  as  required  v  , 

14/2  Nonmetallic-sheathed  cable  -  as  required 

Porcelain  keyless  fixture  -  1  each 

NM  cable  staples  -  as  required 

Nails  .  as  required 

TaPe  -  as  required 

Step  three 

Wire  this  project  as  indicated  on  the  blueprint.    CAUTION:  DO  NOT  apply  power. 

Have  instructor  check  your  project  "  

~~  Instructor 

Step  four  I 

Operate  the  circuit  when  told  to  do  so.   Have  the  instructor  sign  this  workbook 


Instructor 


r 

to 


\ 
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NOTES: 


o 


Figure  6 


v. 


1.    Switches  will  be  mounted  °48"  frtfm 'the  floor.  .  ;  * 

2''  wans"  ^  m°Unted  to'accommodate  1/2"  plywood  finish  on  ceilings  and 
3.    Ceiling  light  fixture  will  be  a  porcelain.keyless  type. 


9 
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PROJECT  6 


OBJECTIVE 


Using  the  previously  installed  three-way  switch  system,  install  a  four-way  switch 
between  the  two  three-way  switches  to  control  the  ceiling  light  from  three  locations, 
according  to  NEC  specifications. 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-II-5  * 
•    National  Electrical  Code 
Hahdtools  " 
Associated  Equipment 

INSTRUCTIONS 


Basis  of  Issue 
1 /student 
1 /student 
1/student 
1  /student 


Using -the  NEC,  materials,  and  handtools,  complete  the  following  circuit: 
Step*  one       J  • 

Observe  the  symbols  below.  Connect  the  symbols  by  drawing  and  color  coding 
the  conductors.  , 


Q  O 


O:  ||i 


Have  your  instructor  check  your  work 


Step  two 


Instructor 


✓      »  * 
Use  this  corrected  drawing,  the  blueprint  drawing,  see  figure  7,  and  the^ill  of 
materials  to  complete  this  project.  Use  the  bill  of  materials  and  select  the  equipment 
you  will'  need.  List  any  materials  that  are  not  available  and  take  the  list  to  the  instructo 

Bill  of  Materials 


Four-»way  switch  - 
Sectional  box 

l4/3-No  nmetailic  sheathed  cable 

NM  cable  staples 

Nails 

Tape 


1  each 
1  each 
as  required 
,  as  required 
as  required 
as  required 
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Step  three 


Wire'tyis  project  as  indicated  on  the  blueprint.   CAUTION:  DO  NOT  APPLY 
POWER.   Have  your  instructor  check  your.worlc 
Step  four 


Instructor 

Operate  the  circuit  when  told  to  do  so.   Have  your  instructor  check  this  workbook  ' 

 ' 

Instructor  "       /  -  ' 


y 
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Figure  7 

-  •■ 

NOTES:  , 

1.  Four-way  switch  will  be  added  to  the  three-way  switch  system. 

2.  Switch  will  be  mounted  48"  from  the  floor. 

f  3*    Box  will  be  mounted  to  accommodate  1/2"  plywood  finish  on  ceilings  and 
walls.  °  * 
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Department  of  Civil  Engineering  Training 
SJieppard  Air  Force  Base,  Texas 


WB  3ABR54230-1-II-6 


LIGHTING  SYSTEMS 
PROJECT  1 


OBJECTIVE 


Given  information  pertaining  to  incandescent  lighting,  list  the  correct  solution  to 
each  problem.  -  A 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-1-II-6 
INSTRUCTIONS 

Complete  the  following  statement: 


Basis  of  Issue 
1/student ' 


What  classifications  of  lighting  are  indicated  below? 


7|\ 


oy0  ib»/o 

90  Vq      100  Vo 


B  - 


10»/.  40Va 
60V«  *90y« 


T 


///I\\N 


40  V.  ^  60V« 
40  Vo  *    60  •/•" 


'\  \  \\ — 1/ /  s  *oy.  90% 

toy.  4ov. 


90%  ioJ>y. 

 V" 

io  y* 
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OBJECTIVE 


'PROJECT  2 


4 


Given  information  pertaining  to  fluorescent  iigfting,  list  the  correct  solution  to 
each  problem.  / 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR5423Q4-n-6 

/ 

INSTRUCTIONS^  ^ 

/  c  ■ 

Complete  the  following  statements: 

1/  Identify  the  parts  as  indicated  by  the  arrows. 


Basis  of  Issue. 
1 /student 


\ 


f 
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PROJECT  3 


OBJECTIVE 


Provided  a  work  area  and  handtools,  install  a  circuit  in  N.  M.  cable  containing  a 
fluorescent  light  and  a  single-pole  switch,  according  to  NEC  specification^ 

EQUIPMENT  ^ND  SUp£LI|S 

WB  3ABR54230-1-II-6 
National  Electric  Code 
*  Handtools 
Fluorescent  Light 
Associataed  Equipment 

INSTRUCTIONS 


Basis  of  Issue 
1 /student 
1/student  • 
1/studeitf 
1/student 
1/student 


Using  the  NEC,  materials,  and  handtools,  complete  the  following: 


Step  one 

The  symbols  below  represent  the  components  of  a  fluorescent  fixture.  Draw  in  the 
conductors  to  complete  the  circuit. 


l 


^-0 


Have  your  instructor  check  your  drawings 


Instructor 


& 


45" 


ERIC 


436 


7 


Step  two 

The  following  <s  a  list  of  terms  associated  with  fluorescent  lighting  and  a  scram- 
bled list  of  their  dominions.  In  the  spaces  provided,  write  in  the  number  which  will 
associate  the  term  with  its  definition. 


Definition 

~   <*t.„ 

Ballast 

1. 

Electron  Emitter 

b. 

Rapid  Start 

2, 

-  Fluorescent  Chemical 

'  c. 

Bipin 

3.  , 

Reactor  or  Step -Up  Transformer 

d. 

Starter 

4. 

Cold  Cathode 

e. 

♦ 

Preheat 

5. 

Automatic  Switch  * 

f. 

Phosphor^ 

6. 

Dual  Contact 

g. 

Mercury 

7. 

Hot  Cathode 

h.  Cathode' 
Step  three 

8. 

Provides  Arc  Path 

r 

Study  the  blueprint,  see  figure  8,  carefully  and  determine-i^hat  equipment  and 
supplies  are  needed.   Using  your  bill  or  materials  draw  the  needed  equipment  from 
supply.  List  any  equipment  or  supplies  not  available  and  give  the  list  to  the  instructor. 


Bill  of  Materials* 


Octagon  yfi  each 

Sectional  box  4  1  each 

Hanger  bar  „  -]  1  each 

NM  cable  connectors  •/  2  each 
14/2  Nonnqetallilc-sheathed  cable   -  as  required 

NM  Cable  Staples  -  as  required 

Nail^  -  as  required 

Tape  -  as  required 

Two  tube  fluorescent  fixture  -  1  each 


Step  four  *  k 

Use  your  blueprint  and  install  the  fluorescent  fixture.  Do  not  apply  power.  Your 
installation  should  look  like  figure  77.  Have  the  instructor  sign  your  project 


Instructor- 


Step  five 


Operate  the  equipment  when  instructed.   Have  the  instructor  sign  this  workbook. 


Instructor 


46 


427 


9 

ERIC 


NOTES:  * 
1.    Fluorescent  fixture^will  be  a  2-40  watt' fixture. 
^   2.    Fixture  will  be  flush  mounted  to  the  ceiling  joist. 

3.  Switchbox  will  be  mounted  48"  from  the  floor. 

4.  Switchbox  will  be  mounted  to  accommodate  1/2"  plywood  finish. 
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Department  of  Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


WB  3ABR54230-1-II-7 
*        July  197S 


TROUBLESHOOTING  NONMETALLIC-SHEXTHED  CABLE  * 

f  project  i  ; 

OBJECTIVE 

-  ■* 

1.  Provide'd  a  multimeter  and  instructions,  troubleshoot  an  energized  (120/240  vo 
electrical  circuit  to  locate  troubles  inserted  in  the  circuit  by  the  instructor. 

*  «  " 

2.  Provided  a  multimeter  and  instructions,  troubleshoot  a  deenergized  circuit  to 
locate  troubles  inserted  in  the  circuit  by  the  instructor. 


EQUIPMENT  AND  SUPPLIES 

WB  3ABR54230-i-n-7  ' 
Multimeter 

Handtoois  t 

t 


Basis  oMssue 
1/student 
1/student 
1/studept 
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**      PROJECT  la 

<<<  • 
INSTRUCTIONS 


\       You  are  to  use  the  wiring  boqth  that  you  have  wired.*  Your  instructor  will  insert 
a' trouble  in  your  booth.  You  are  to  complete  this  project  step  by  step.  ■ 

Ste^One  4 

Jhe  instructor  will  tell  you  which  circuit  is  malfunctioning  and  how  it  malfunctioned. 
You  are  to  decide  what  type  of  trouble  exists 


Have  your  instructor  check  your  answer 


Instructor 

Step  Two 

You  are  to  select  the  type  of  meter  you  will  need  to  locate  the  troubles 


Step  Three 

■ 

Make  a  visual  inspection. 
Step  Four  ° 

^  Use  the  schematic  drawing  th^t  you  prepared  when  installing  this  circuit.  Study 
this  drawing.   Check  with  the  instructor  prior  to  performing  an  operational  check. 

Step  Five 

Locate  and  indicate 'the  exact  locations  of  the  troubles 


Step  Six  • 

Repair  the  .troubles.   Have- the  instructor  sign  this  worksheet  when  you  have 


completed  all  assigned  troubles 


Instructor 
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o  PROJECT  lb 

INSTRUCTIONS 


Step  One 


The  instructor  will  tell  you-whlch  circuit' is  malfunctioning  and  how  it  malfunctioned. 
You  are  to  decide  what  type  of  trouble  exists 


Have  your  instructor  check- your  answer. 


Instructor 

Step  Two  \ 

You  are  to  select  the  type  meter  you  will  need  to. locate  the  troubles 


Step  Three  #  y 

Make  a  visual  inspection. 
Step  Four 

fhic  hU,6  !fkhei?atic  drawing  that  y°u  prepared  when  installing  this  circuit  Studv 
this  drawing    Check  with  the  instructor  prior  to"  performing  an  nL„t*  Z??L.y 


Step  -Five 

Locate  and  indicate  the  exact  locations  of  the  troubles 


Step  Six  m 

Repair  the  troubles.    Have  the  instructor  sign  this  worksheet  when  you  have 

completed  all  assigned  troubles  

,  Instructor 
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PROJECT  2* 

OBJECTIVE  p  % 

Given  information  pertaining  to  balancing  branch  circuits,  balance  the  circuits 
installed. 

EQUIPMENT  AND  SUPPLIES 

'  >Basis  of  Issue 

WB  3ABR542  3D-1-II-7        ,   0          '  1/student 

Clamp-on  Ammeter  1/student 

Handtools                  *  c  1/student 

INSTRUCTIONS 

1.  You  are  to  use  the  wiring  booth  that  you  have  wired.   Make  sure  that  all 
troubles  have  been  corrected  in  the  circuits  and  that  they  are  in  working  order. 

2.  Turn  the  electrical  power  on  all  the  circuits  wired,  making  sure' that  the  proper 
load  is  on  each  circuit. 

3.  Using  the  clamp-on  ammeter  provided -m'easure  and  record  the  current  on  the 
3-wire  service  Entrance  at  the  drip  loops.  '  *  * 

Unidentified  conductor  #1  ^  .   Unidentified  conductor  #2  . 

s  :   5 

Neutral  conductor  . 

Have  your  instructor  check  your  work. 

4.  If  the  load  is  not  balanced  between  the  unidentified  service  conductors, 
rearrange  the  branch  circuits  in  the  panelboard  to  provide  minimum  current  in  the 
neutral  service  conductor. 
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*    %   '        ASSIGNMENT  SHEET 

#»■ 

This  assignment  sheet  should  be  used  whfcn: 

$    You  are  to  complete  only  a  oart  of  this  text. 

Q    Your  assismnent  within  this  text  is  divided  into  two  or  more 
reading  periods. 

f 

Your  instructor  will  irake  assignments- by  identifying  specific  objectives 
text  material,  and'  review  questions.  -  ' 

*  ,  t 


ASSIGNMENTS 

OBJECTIVES 
(by  \0) 

TEXT  MATERIAL 
(by  page  and/or  fram'e) 
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OBJECTIVES 

1.  Given  a  list  of  electrical  symbols  and  a  list  of  the  names 
of  electrical  components,  match  the  component  names  to 
their  respective  symbols. 

2.  \  Describe  the  difference  between  a  wiring ^agram  and  a 

schematic  diagram. 


As 'a  maintenance  man,  much  of  your  time  will  be  snent" t rouble- 

L    shooting  the  equipment  you  are  required  to  maintain.     In  order  to 

j  understand  how^a  system  or  a  comnonent\ne rates ,  vou  must  know  the  % 
■  » 

j  different  electrical*  symbols  used  in  electrical  diagrams.  - 
!  This  lesson  introduces  some  of  the  most  common  electrical  symbols, 

j  and  the  most  frequently  used  tyoe  c'f  electrical  diagrams..    If  you  learn 

these  syrool'S  and  dia^raus  thoroughly,  vou  will  find  ^ectrical  work 

i  mjch  easier. 


•i  ! 
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Match  the  components  in  column  3  to  the  respective  symbols  in  column  A. 


COLUMN  A 


1. 


2.* 


5. 


7- 


+ 


coiuhh  b 


a.  Fuse 

b.  Motor 
-  c .  Lamp 

d-  Polarity--  Pos  &  Neg 

e.  Ground 

f.  Battery 

g.  generator 

h.  Connection 

i.  Cell  •  1  * 
j  ^  No  Connection 


J 


Answers  to  the  above: 


if 


<       i  - 


y  -  c 
io  -  g 
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NAME 


COMPONENT 


SINGLE-POLE  ' 

SINGLE-THROW  SWITCH  *" 


SYMBOL 


SINGLE-POLE 
DOUBLE-THROW  SWITCH 


RESISTOR 


-ob>- 


RHEOSTAT 


_+j  warmer 
 s&  " 


TRANSFORMER , 
IRON  CORE 


TRANSFORMER , 
AIR  CORE  • 


St  a 


Voltmeter 


AKMETER 


OKI1METER 


/ 
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Match  the  components  in  column  B  to  the  respective  symbols  in  column  A. 


COLUMN  A 


i 


.-rvers  to  the  above: 


6  -  c 


/   r  a 


COLUMN  B 


a.  Voltmeter 

b.  Resistor 

c.  Transformer,  iron  core 

d.  Transformer,  air  core 

e .  Ammeter 

f.  Ohmmeter 

g.  Rheostat 

h.  Single-gole 
Single-throw  switch 

i.  Single -pole 
Double-throw  switch 


4*3 


I. 


o 
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Match  the  components  in  column  B  to  the  respective  symbols  in  column  A 


COLUMN  A 


COLUMN  B| 


'  1. 


2. 


a.  Capacitor,  fixed 

b.  Push-pull-  circuit  breaker 

c.  Metallic  rectifier 

d.  Relay  coil  with  contacts 

■  *» 


) 


Ansvers^to  l:he  above* 


i 

j 

3 
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Match  the  components  in^olumn  B  to  the  -respective  symbols  in  column  A . 


3 


COLUMN  A' 


1. 


2. 


'-><-j|i 


A 
B 

C 

•  1 

j 

COLUMN  B 


a.  Disconnect 

b.  Connector,  Plug  and 
Receptacle  (cannon  plug) 

c.  Solenoid. 

d.  Spark  Plug 

e.  Spark  Igniter 


♦  ?  0  Answers  to  the  above: 
%  *  * 

j    1-,;  * 

I.  3-.  . 

I-  U  -  i 

I 

J ' 
\ 

i  ^ 

L  


5-3 
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There  are  many  diffe-ent  types  of  drawings  used  to  illustrate  elec- 
trical- layouts,  but'  it  would  be  impractical  to  discuss  all  of  them.  • 
Therefore,  only  those  drawings  that  you,  the  maintenance  man,  are  apt  to 
use  frequently  will  be  explained. 

The  drawings  that  will  be  discussed  are  the  wiring  diagram  and  the 
schematic  diagram.  These  two  types  of  drawings  are  the  ones  most  often 
used  in  connection  with  maintenance  work.  ' 

A  -./irmg  diagram  is  a  drawing  showing  a  circuit  in  a  simplified 
form,  and  is  arranged  so  the  physical  location  of  parts  is  similar  to  the 
layout  of  the  actual  equipment. 

Here  is  a  drawing  of  an  automobile  electrical  system.    Notice  the 
simplified  form  and  how  the  physical  location  of  the  parts  is  similar  to 
the  actual  equipment.    This  type  of  drawing  is -a 


ax  LOT  SMTO*  " 


T  °  ft*  ?' 


■oaiua  KBa 


13 


WIRING 
DIAGRAM 


YOUR  ANSWER 
3HOULD  HAVE  THE 
SAME  MEANING  AS 
THE  ONE  ON  THE 
RIGHT. 


Describe  a  wiring  diagram. 


A  drawing  showing  a  circuit  in^a  simplified  fora,and 
arranged  so  the  physical  location  of  the  parts  is 
similar  to  the  layout  of  the  actual  equipment. 


^36 


t 


k-  schematic  diagram  is  a  drawing  of  a  circuit  in  which  the  parts 
are  represented  by  symbols,  and  they  nay  be  arranged  quite  differently 
frcrn  their  actual  physical  arrangement.    Shown  below  is  a  drawing  of  an 
automobile  electrical  system.    Notice  the  parts  are  represented  by  symbols 
arranged  differently  from  their  actual  arrangement.    This  type  of  drawing 


— *Xav — ■ — f      ?  T 


SCHEMATIC 
DIAGRAM 


Describe  a  schematic  diagram. 


YOUR  ANSWER 
SHOULD  HAVE  THE 
SAME  MEANING  AS 
THE  ONE  ON^  THE 
RIGHT. 


A  schematic  diagram  is  a  drawing  of.  a  circuit  in  ^/hich 
the  parts  are  represented  by  symbols ,  and  arranged 
quite  differently  from  their  actual  physical  arrange- 
ment. 


YOUR  ANSWER  1 
SHOULD  HAVE  THE 
SAME  MEANING  AS 
THE  ONE  ON  THE 
RIGHT. 


Describe  the  difference  between  a  wiring  diagram  and  a ,  \ 
schematic  diagram. 


A  wiring  digram  is  a  drawing  showing  a  circuit  in  a  . 
simplified  form,  and  is  arranged  so  the  physical  loca- 
tion  of  the  parts  is  similar  to  the  layout  of  the 
actual  equipment.  % 

A  schematic  diagram  is  a  drawing  o'f  a  circuit  in  which 
the  parts  are  represented  by  symbols, and  they  are 

V 

arranged  quite- differently  from  the  actual  equipment . 

v 
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Match  each  component 

i 


9 
ic 


Ik 

15 
16 


21 
22 

:>•} 


+ 


I  9 


SELF -TEST 
to  its  respective  symbol* 

a.  Polarity —  Pos.  &■  IJeg. 

b.  Ground 

c  •  Lamp  N  •- 

d.  ^Connection 

e .  No  Connection 

*     -     f.  Cell  \ 

g.  Battery  ' 

h.  Fuse 

i .  Generator 
j .  Motor 

k.  Resistor 
f     1 .  Rheostat 
m  m.  Voltmeter 

>  n.  Ammeter 
o.  Ohmmeter 
p.  Disconnect 

q.  Single-pole  single-vtk^ov  switch 
r.  Single-5)ole  double-throw  switch 
s.  Push-pull  circuit  breaker 
t.  Capacitor,  fixed  . 
ul  Transformer,  air  core 
v.  Transformer,  iron  core 
w.  Relay  coil  wixh  contacts   t  < 
'  ,        x.  Solenoid     .  '  . 

fy.  Metallic  .r^Jtif^e- 
^    z .  Spark  igniter. 
aa«  Spark  plug 


OD  , 


Connector,  plug  and  recep-'a^le 
'  (  Cannon  Flag  )       "  ' 


16 
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2.    Describe  the  difference  between  a  wiring  diagram  and  a  schematic 
diagram. 
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INSTRUCTIONS  ^ 

This  booklet  is  called  a  program,  and  it  will  be  easy  for^you  to 
le^rn  jhe  "subject  this  program  qovers .    It  will  be  easy  because  of*  the 
?'way'^e  information  you  are  to  learn  is  broken  down  into  small;  easily 
underiiood  parts,  called  frames.    J-ach  frame"*  contains  information  you 
arj?  to  learn  and  presents  ytou  With  a  question  to  answer:    This  keeps 
your  brain  active'*^-  just  like  answering  questions  in  class;  After 
you  have  written  your  answer  to  a* frame,  you  Hill  be  able  to  see 
immediately  th^correct  answer.    This  lets  you  know  whether  your  answer 
is  right  or  wrbng       Just  like  having  an  instructor  tell  you  whether 
your  answer  is  correct  or  not.    These  .three  things:  reading,  answering 
questions, • and  being  shown  the  correct  aitewer  will  ensure  that  learning 
takes  plac^.     '  ,  . 

*>     •  , 

Even  though  the  program  is  designed  t*o.  make  it  easy  for  you  to  . 
learn,  there  are  certain  things  you  must  >do  in  order  for  it  to  be 
successful.     If  you'will  follow  the  silfcge^tions  listed  below,  you  shoulS 
have  no  trouble  learning  the  material  in  this  program. 

1.    Read  the  objectives  very  cf refully  befo.re  you  begin,  so  ' 

you  will  know  what  you  are  to  learn. 
2..  Keep  the  answer  to  tfie  frame  you  are  working  on^qovered 

with  a  slip  of  paperipntil  you  have  written  your  answer. 

(The  correct  answer  is  usually  found  to  the  left  of  the 

frame  fallowing  .the  one  you  are  working  on.) 

3.  After  writing  your  answer  to  a  frame,  move  the  slip  of  ^ 
?  paper  to  expose  the  correct  answer,  so  you  can  see  . 

whether  you  are  right  or  not*  „  * 

4.  Always  follow,  very  carefully,  any  directions  given  in 

0 

the  pw>gram.  t 

5.  When  you  have  finished  the  program,  read  the  objectives 
again  to  make  sure  you  can  do  what  the  objectives  require. 

6.  Take  tjie  self-test  at  the  end  of  th'e  program;  this  will  » 
indicate  whether  you  have  learned  what  you  were  supposed 

to,  learn.  .  ] 


^  .  LEARNING  OBJECTIVES 

I.    The  trainee  will  define  a  series  ^'irquit . 


2. 

3. 
4. 


*  ■  * 

Given  a  series  circuit  di'agram,  the  trainee  will  identify  the  ~  * 
various  circuit  functions  by  specifying  the  proper:  letters  and 
subscripts,  and  indicate  with  arrows    the  direction  of  current  . 
.flow.  ■  *  I 

The  trainee  will  write  the-  law  of  Resistance  for  a  series  circuit  .  ' 

The  trainee  will  write  the  mathematical. formula  for. finding  total 
resistance  of  a  series  circuit  having  three  resistors. 

^.    The  trainee  will  write  the  law  of  voltage  for  a  series  circuit. 

6.  The  trainee  will  write  the  mathematical  formula  for  finding  total 
voltage  of  a  series  circuit  having  three  resistors. 

7.  The  trainee  will  write  the  law  of  current  for  a  series  circuit. 

Given  a  series  circuit  diagram,  with  each  individual  resistance 
known,  the  trainee  will  solve  for  total  resistance.  * 

& 

Given  a  series  circuit  diagram,  with  each  indivflktal  voltage  drop 
known,  the  trainee  will1  aolve  for  total  voltage. 

G'iven  a  series  circuit  diagram,  with  total  voltage  and  resistance 
^known,  the  trainee  will  solve  for  total  current. 

The  trainee  will  state  the  voltage  law  that  applies  to  ceils  grouped 
I'D  series.  .  *   •  r 


8. 


10. 

i  11. 

12. 
13. 
14. 
15.' 


eriea^. 


The  trainee  will  state  the  reason  for  grouping  cells  in  se 

The  trainee  will  state  the  voltage  that  usually  exists  in  a  wet  cell.. 

The  trainee  will  state  the  voltage  that  usually  exists  in  a  dry  cell. 

The  trainee  will  state  the  reason  why  the  internal  resistances  ofdrv 
cells  and  wet  cells  differ. 


Once  you  complete  th'is  program,  pleaae  turn  back  to  the  objectives 
and  read  them  again  to  see  if  you  know  what  waa  expected  of  you. 
Turn  to  the  next  page  and  start  the  program. 


SUGGESTED  READING  TIME    60  MINUTES 
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SERIES  CIRCUITS 
INTRODUCTION  - 


An  electric  circuit  *is  a  complete  path  through  which  electrons  can 
flow.    Within  a  D.C.  circuit,  the  electron*  flow  from  the  negative  terminal 
of  a  voltage  source,  through  the  connecting  wires  of  -  conductor*,  through 
the  resistor  or  resistance,  and  back  to,  the  positive  terminal.-  A  circuit 
is  thu,s  made  up*of  a  voltage  source,  the  necessary  connecting  conductors, 
and  the  effective  resistance. *»  , 

If  the  circuit  is  so  arranged  that  the  electrons  have  only  one 
possible  path,  the  circuit  Is  called  a  SERIES  CIRCUIT. 

In  any  type  of  work  that  utilizes  the  effects  of  eleqtrOn  flow,  a 

knowledge  of  series  circuits  is  desirable.    None  of  tHe  effects 

\ 

accompanying  electron  flow--  for  example:  heating,  lighting,  or  magnetic 

*  •  ■  * 

effects--  would  be  possible  without  the  use  of  electrical  circuits,  and 

*  •  ? 

many  electrical  devices  can  be  utilized  more*  effectively  if  the  operator 
has  a  knowledge  of  how  they  work.    The  purpose  of  this  program  is  to 
give,  in  simplified  form,  conventional  methods  of  calculating  resistance 
in  i>asic  series  circuits  and  to  show  how  problems  involving  current,* 
voltage,  and  resistance  may  be  solved  by  the  use*  of  basic  formulas. 


iii 


0 


~  Page  1  

The  circuit  ve  are  going  to  talk  about  is  the  series  circuit.  A 
series  circuit  is 'defined  as  two  or  n>o re' component  parts  connected  end 

s. 

to  end  to  form  only  one  path  for  current  flow, 

in  the  drawings  below,  you  will  see  hov  a  series  circuit  compares  to 
%'  hydraulic  system, 

•   ■ — — s> — 


RESTRICTION 


(PU^ 
IN 


.OUT 


HYDRAULIC 
SYSTEM 


f 


-  RESTRICTION 


i 


-© 


LIGHT 
.BULB 


t 


:batt 


SER4ES 
CIRCUIT 


-CURRENT 


"LIGHT 
UL8 


You  will  notice  that  in  htiih  drawings  the  fluid  or  current  has- only 
one  path  to  flow.    Therefore,  if  ytfu  have  two  or  acre  electrical'  com* 
;ponents  connected  in  such  a  way*  as  to  provide  only  one  path  for  current 
to  flow,  you  have  a  SERIES  CIRCUIT.       1  .  - 


5SRXSS 


ONE* 


1.    A  circuit  that  has  two  or  Qofe  component  parts 
connected  end  to  end  to  form  only  one  path  for 


current  flow'  is  a 


circuit* 


21    A  series  circuit,  has  two  "or  more  conponeat-s 

connected  end  to  end  to  fora  only  path 
for  current  flow. 4 


3.'  A 


circuit  has  two  or  naore 
to 


components  connected  . 

h  1 

for?  only  jpath  for  current  flow. 


tp 


CONTINUE  OR  NEXT  PAGE 
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SERIES 
END  TO  END 
ONE 


TWO  OR  MORE 
COMPONENTS 
CONNECTED- 
END  TO  END 
TO  FORM  ONLY 
ONE  PATH  FOR 
CURRENT  FLOW, 


 !  r"  ;  

4.    Write* the 'definition  of  %a  series  circuit. 


To  be  able  to  talk  about  circuits  or  solve 
*   problem*  dealing  with  circuits,  We  have  to  be  able  to 
identify  the  various  components  and  their  functions  to 
the  circuit.    This  is  done  by  vising  letters  and  sub- 
8cript<s. 


If  you  will  remember  your  lesson  Dynamic "Electricity,  you  learned 

t 

that"  the  letter  E  stood  for  voltage,  I  stood  for  current,  and  R  stood  for 

.  i    ■  .•  •  • 

resistance. 

*  « 

Now,  in  a  series  circuit    we  know. that  we  are  going,  to  have  two  or 
more  of  these  components,-  so  we  have  to'have  some-means  of  identifying 
them.    The  method  used  is  called  subscripts.    This  merely  means  that  we 
use  a  letter  or  number  below  and  to  ^he  right  of  the  original  circu'it 
function  letter.  \ 

An  example  of  this  would  beiR^  E2,  Ic-    The  iapital  letter  is 
the  original  circuit  function  letter;  the  number  or  letter  tb  the  right 
is  the  subscript.  . 

In  the  circuit  diagram. shown  at  the  top  of  page  3,  yotf  will  see  how 
all  these  letters  and  subscripts  are  used;  the ^direction  of  current ►flow 
is  indicated  by  arrows*    As  you  can  see,  -current  flows  from  the  negative 
terminal^  of  the  voltage  source  (battery),  thru  the.circuit,  and  back  to 
the  positive  terminal. of  the  voltage  source.      "*  . 


CONTINUE  ON  NEXT  PAGE 
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RESISTOR 

VWNAA 


CURRENT  PLOW 


NEGATIVE  - 

-X  BATTERY 
or 

h  • 

Npdsi-TIVE  + 


RESISTOR 


RESISTOR' 


<5> 


AMSTER 


CURRENT  FLOW 


In  our  circuit  diagram  below,  you  will  notice  that  the  battery  is 
represented- by  the  electrical  .symbol  j  ai80>  the  battery  is 

designated  by  the  letters  Et. .  The  Bt    stands    for  VOLTAGE  tota.1.  Next, 
we  have  our  resistors  connected  end  to  end  to  form  our  series  circuif. 
you  will  notice  Rj  i.  «  iight  bulb  and  R2  and  R3  are  Just  resistance 
symb-ols.,    It  nuke,  no  difference,  which  symbol  we  use  or  what  we  number 
our*  resistors,  as  long  as  they  are  numbered  differently  so  we  can  tell  • 
them  apart.    Last,  but  not  least,  we  have- the  ammeter.    This  will  be 
shown  as.  It,  or  written  out"  CURRENT  total. 

On  this  drawing,  indicate  "with  arrows. the  dire^ion  of  current  flow. 


% 


CONTINUE  ON  NUT  PAGE 
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.is  £  symbol  for  a/an 
is  a  symbol  for  a/ah 
is  a  symbol  for  a/an# 


u .  E^  stands  for 
5 .    I- .stands  for 


6.    Does  it  make,  any  difference  which  resistor  is  labeled    Ri  .  R0,  or 
*  (Yes/No)       '   '  S.  12  3 


1..  RESISTOR 
2.  BATTERY 
3;.  AMMETER 

fc.  Voltage,  total 

5.  CURRENT  TOTAL 

6.  NO 


•  '        ;  i — ■  — 

Nov  that  you  know  the  definition  of  a  series 

\ 

circuit  ana  how  to  designate  the  component  parts  of 
a  circuit,  we  will  start  learning  the  laws  jsnat  apply 
tc  series  circuits. 

The  first  lav  is  the  law  of  resistance.  .  The  law 
of  resistance  states:    The  total  resistance  of  a 
series  circuit  is  equal  to  the  suin  of  the  individual  resistors^^^rTTh^ 
circuit.    Written  as  a  fonaila,  .we  have  Rt  =  R^  -  R2  +  Ti>is  n^rely  . 

m£ans  that  to  find  total' resistance  of  a  series  ci^rcuitjVe  add  up  all  the 
separate  resistances  in  the  circuit.    If- you  had  a  circuit  where  the 
resistance  of  ft^  'was  5  cnms,  R2  was  10  ohms,  and       was  15  ohms,  the 
^otai  resistance  would  be  5  *  10  +  15  =  30  ohns .    See  how  simple  that  was. 
Nov,  here  is  a  problem  for  you  to  work*  * :Fdnd -the  "total  resistance  of 
this  circuit. 


— A/VV 


3^  -  20  ohms 


Ro  -  7 


R3  -  UO 


CONTINUE  ON  NEC?  PACg 
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4  70 


67  OHMS 


SUM 


1  TOTAL 

t 

i    •  INDIVIDUAL 
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1.    The -law  of  resistance  for  series  circuits  states 

that  the  total  resistance  is  equal  to  the 

of  each  individual  resistor. 


2.    The  law  of  resistance  for  ^eries  circuits  states 


that 


^resistance  is  equal  to  the  sum 


of  the 


resistances. 


*1.+  R2  +,*3 


3»    The  mathematical  formula  for  total  resistance  of 
series  circuit  containing  three -resistors  is 

1   a  L,  :  4 


.  \y^y-xe  tlle  law  of  resistance  for  series  circuits,  * 


'TOTAL  RESISTANCE 
EQUALS  THE  SUM  ' 

•  OF  THE  INDIVID-  ' 
UAL  RgSISTORS, 


The  netft  law  is  th^law  of  yoltage.    This  law 
states:    Around  any  closed. circuit,  the  total  *  cljed 
voltage  must  equal  the  sum  of  the'  individual  voltage * 
dro?s »    Qr  stated  another  yaCy,  total. voltage  will  e^ual  the  sua  of  all  , 
the  separate  voltages/  Our-  formula  for  finding  totrf  voltage  is 
st  "  E3i  +  ?2  +  ^3*  '  If  you.  know  the  voltage  drop  acros§  each  resistor,  you 


■  can  find  total  voltage  by  adding  up  <iach  separate  drop. 
Exa*mple:'   If'you^had  a  circuit  wher^^  wa«  10, volts,  Eq  was  15  volts,  . 

'.  and  S3  was  30  volts,  your  total  volta^ would  be  10  +  15  +  30  -  55  volts. 
Now,  here  is  a  problem  for  you  *<^6rte.^j|blve  for  Problem,  shown  on> 

next  page.       %  ■  . 


CONTINUE  ON  NEXT.  PAGE" 


.  -471 


.  Page  6 


2b  VOLTS 


EQUAL 
SUM 


&  • 

TOTAL 

INDIVIDUAL 


AA/V 


Eg  -7v 


E3  -  12v 


-*  \w 


1 .    The  voltage  law  states  that  the  total  voltage  must 
*   be  to  the  * 


of  the 


individual'  voltage  drops . 

stal 


2.    The  voltage  lav  states  that  the 


voltage  must  be  equal  to  the  sum  of  the 
 •  1       voltage  drops  *v 


3.    The  mathematical  formula  for  total  voltage  of  a 
.  series  circuit  containing  three  resistors  is 
Et  "   ,  !  <•     .  ; 


h.    Write  the' law  df  voltage  for  series  circuits. 


■  F 
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TOTAL  VOLTAGE 
EQUALS  THE  SUM 
OF  THE  INDIVID- 
UAL VOLTAGE \ 
DROPS. 


Page  7 


The  last  lav  is  the  lav  of  current.    The  lav  of 
current  "states:    The  -.current  in  any  part  of  a  series 
circuit  is  EQUAL  to  the  current  in  any  other  part  of 
the  same  circuit.    This  means  that  if  you  have  2  amps, 
of  current  at  the  first  resistor,  then  any  other  place  in  the  same  cir- 
cuit, you  vill  have  2  amps. of  current.    This  lav  is  very  important  and 
you  must  remember  it.    Stated  as  a  formula, ve  have  lt  m  K  m  x2  m  J3 
The  It  stands  for  current  total. 

If  ve  have  one  amp.  coming  out  of  the  battery  and  going  around  a 
circuit  having  three  resistors,  what  voul<^  It  equal? 


1  AMP. 


1.    The  current  in  any  part  of  a  series  circuit  is 
 !  to  the  current  in  any  other 


part  of  the  same 'circuit. 


EQUAL 


2.    The  formula  for  total  current  of,  a  series  circuit 
containing  three  resistors  is 


^  - 


3.    The  lav 'of  current  for  series  circuits  states  that 
current  inyany  part  of  the  same  circuit  is  equal  to 
****   ;  „  •     in  any  other  part  of  the 


circuit. 


I*.    Write  the  lav  of  current  for  a  series  circuit'. 


.CURRENT 
|    SAME  . 


'  CONTINUE  ON  NEXT"  PAGE 
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CURRENT  IN 
ANY  PART  OF 
A  SERIES 
CIRCUIT  IS 
EQUAL  TO  THE 
CURRENT  IN 
AtfY  OTHER 
PART  OF  THE 
SAME  CIRCUIT. 


i 

\ 


REVIEW 

1.  Definition  of' a  series  circuit 
Two  or  more  components  connected 'end  to  end  to 
Jpm  only  one  path  for  current  flow. 

2.  Law  of  resistance 
Ttye  total  resistance  of  a  series  circuit  is- equal 
to  the  sum  of  the  individual  resistors  in  the 
circuit. 

3.  Law  of  voltage  v 

The  total,  applied  voltage  must  equal  the  sum  of 
the  individual  voltage  <irops. 

L^tf* of  current 

Currerit  in  any  part  of  a  series  circuit  is  equal  to  the  current  in 
.any  other  part  of  the  same  circuit.  ( 

p.    Chn's  law 

Ohm's  lav*  states  that  the  current  is  directly  proportional  to  the 
voltage  and  inversely  proportional  to  the  resistance. 


Mathematical  formulas: 
Ohm's  law         E      1  x  R 


E 
R 


*R  -  E 
I 


Resistance 

Voltage 
Current 


3* 


3 


Rl+  R2  +  R 
Ei *  E2  -  E3 


l2  »  I3 


,  4    SERIES  CELL  GROUPING 
This  part  of  the  lesson  will, cover  the  practical  application  of 
series  circuits.    As  ycu  know,  batteries 'are  made  up, of  two  or  more  cells. 

These  cells  can  ffe  cSftnected  either  in  series  or  parallel.    In  this 

■  .- 
lessen, ve  will  only  be  concerned  with  the  series-type  connection. 

Cells  grouped  in  series,  are  connected  from  the  negative  terminal  i 

to  tne  positive  terminal,  as  show  in  the  drawing  on  trhe  next  'page. 


CONTINUE  ON  JJEXT  PACE 
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This  draving  shows  three  dry  cells  connected  in  series.    The  voltage 
*  *  • 

lav  for  cells  grouped  in  series  is  the  same  as  the  voltage  lav.'-for  series 

circuits.    TotaJfevoltage  equals  the  sum  of  the  individual  voltages.  This 

means,  to  find  the  total  voltage  of  a  group  of  cells  connected  in  series^ 

add  all       the  individual  cell  voltages. 


1.    The  series  cell  grouping  voltage  lav  states  that  : 

total  voltage  equals  the   of  all  the 

individual  voltages . ,  4  * 


SUM 


2.    To  find  total,  vol t&ge  in  a  series  cell  grpup,  you 
Xould  add  all  the*  individual:   J  , 

- — \ — — — = — — 


VOLTAGES 


voltage  eqvials  the 


3 .  • The  series  cell  grouping  .voltage  law  states  'that 


of  all 


khe 


^voltages . 


TOTAL 
SUM 

"INDIVIDUAL 


k.    Solve  for  Et  in  the  problem  at  the  top  of  this 
page.    15^  .  -  . 


CONTINUE  ON  NEXT  PAGE 
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U.5  VOLTS 


5.    Write  the  series  cell  grouping  voltage^ law. 


TOTAL  VOLTAGE 
EQUALS. THE  SttM. 
OF  ALL  THE  - 
INDIVIDUAL* 
VOLTAGES.- 


All  the  laws  that  apply  to  series  circuits  also" 
'   '  ,  *•*.«*••» 

apply  to  "cells  grouped  in  series'.    Th£  reason  some  *. 

cells  are  grouped  in  series  i^  to  Increase* voltage  ^ 

\        while;  conserving  current.  .  By  knowing  that  dry  cells^  - 

*ve  an,  EMP  of  1.5  volts  and  that, vet  c^lls  have  an  EMF" of  2  volts,* and  * 

T^hy^ioving  the  resistance  of  each  cell,ve  can  work  any  problem  involving 

\  j  ' 

cells  grouped  in  a  series.    The  resistance  of  cells,  either  vet  or  dry, 
vill  vary-  because  of  the  charge  and  the  construction  of  the  cell.       *    ' ' 


1  This  resistance  vill  vary  from  .001  ohm  to  1  ohm. 


V 


*  \ 

l.-5v 


1.    The- voltage  that  usually  exists  in. a  vet  cell  is 

'  and  the  volfage^that  exists  in  a  dry"  cell1 


is. 


2.    The  Reason  some  cells  are  grouped  in  series  is  to 
-conserve   '  *  •      and  to  increase 


CURRENT 
VOLTAGE 


3.    The  reason  ve  group  cells  fh  series  is  to 


current  and  to 


voltage. 


CONSERVE 
♦INCREASE 


3f 


Internal' resistance  in  vet  and  dry  cells  vill 

differ  because  of  the  •  and 

construction  of  the  cells. 
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CHARGE 


CHARGE 
CONSTRUCTION 
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I  /  .  *  / 

5*    The^temal  resistance  of  cells  will  differ 
"  because  of  the   and 


of  tlje  cell. 


.  The  rest  of  this  lesson  will  be  a  review*  of  what 
you  have  already  learned*    Take  your  time  and  be  sure 


you  fill  in  every  blahk.    Remember  to  check  each  a 


answer  as  you  go.  0\K.., 


now' let  ^  run  back  th/ough~some  of  th^jhtt^s  we  have  covered  in  thii 
lesson*- 


\SERIES* 


ONE 


SERIES 
EMi)  TO  END 
ONE 


SUBSCRIPTS 


In  VA  circuit  .that  £as  two  or  more  component!  connected 
end  to  end  to^ora  only  one  pa^h  for  QUrv^^n^ow 
*is  a        v  ,  *  circuit  • 


t 


2.    A  series  circuit  has*  two  or  more  comppnent^ 

connected  end  -to  end%  to  form  only  ^jpath 

for  current  flow»  * 


3#    A  -L.  circuit  has  two  or  more 

components  connected  \       to  to 


form  only 


path  for.  current  flow* 


h.    Numbers  are .Sometimes  writteri  to  the  right  Mid  - 
below  a  letter  (R1)#    These  numbers  designate  a 
particular  part  and  are  known  as 


5.    Subscripts  are  numbers*  letters,  or  symbols  used  to 

•  part. 


designate  a 


A. 


CONTINUE  ON  -NEXT  PAGE 
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PARTICULAR 


6.'   Write  the  definition  of  a  series  circuit. 


TWO  OR  MORE 
COMPONENTS 
CONNECTED 
END  TO  END 
TO  F0R1$  ONLY 
ONE  PATH  FOR 
CURRENT  FLOW. 


7.    The  law  of  resistance  for  leries  circuits  states 
that  the  total  resistance  is  equal  to  the  -  

V 

ot  the  individual  resistances. 


8.    The  law  of  resistance  for  series  circuits  states 


that~ 


SUM 


sum  of  the 


_^~resistance  is  equaT  tQ  the 
6    resistances, 


,  TOTAL  , 
INDIVIDUAL 


9.    The  mathematical  formula  for  total  resistance  of  a 

J 

series  circuit  containing  three  resistors  is 


f         +  R2  ♦  R3 


10.    Write  the  la^r  of  resistance  for  a  series  circuit. 


oKa 


TOTAL  RESIS- 
TANCE IS 
EQUAL  TO  THE 
SUM  OF  THE 
INDIVIDUAL 
RESISTANCES. 


11.    The  current- in  any  part  ofNa  series  circuit  is 

 to  the  Current  in  any  other  part  of 

\ 

the  same  circuit.  „ 


EQUAL 


12.    The  formula  for  total- current  for  a' series,  circuit 
containing  three  resistors  is  1^ *  \. 


CONTINUE  ON  NEXT  PAGE 
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IJL  -I2  -I3 


EQUAL 
SUM 


\ 

TOTAL 


INDIVIDUAL 


CURRENT  IS 
EQUAL  IN  ANY 
PART  OF  THE 
SAME  CIRCUIT^  f 


SUM 


VOLTAGES  * 
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13.    The  voltage  law  states  that  the  total  voltage  must 

be  ,    ,     to  the   '       of  the 

<     individual  voltage  drops* 


T 


lU.    The  voltage  law  states  that  the 


v.oltage  must  be  equal  to.  the  sura  of  the 

Voltage  drops. 


15*    The  mathematical  fom^la  for  total  voltage  of  a 
series  'circuit  containing  three  resistors  is 


16.    Write  the  law  of  current  for  a  series  circuit* 


<17*   ,The  series  cell  grouping  voltage  lav , states,  that 

total  voltage  equals  th^        -  of  all  the 

separate  voltages*  • 


18.    To  find  total  voltage  in  'a  series  cell  group,  you*  [> 
would  add  all  the  separate 


19 .    The  series  cell  grouping  voltage  lav  states  that 
■  *      voltage  equals  the 


of  all  the 


voltages 
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s 

TOTAL 

SUM     -  , 
' INDIVIDUAL 


4£7 


TOTAL  VOLTAGE 
EQUALS  THE  SUM 
,OF  THE  INDI- 
VIDUAL VOLTAGES. 


2  VOLTS 
1.5  VOLTS 


CURRENT 
VOLTAGE 


CONSERVE 
INCREASE 


CHARGE 


CHARGE 
CONSTRUCTION 


TOTAL  VOLTAGE 
WILL  EQUAL 
THE  SUM  OF  , 
THE  INDIVID-  \ 
UAL  VOLTAGES. 


20.   Write  the  law  of  voltage  .Tor  a  series  circuit. 


21.    The  voltage  that  usually  exists  in  a  wet > cell 'is 
_______  _________  and  the  voltage  that  exists  in  a 

dry  cell  is  *  ' .  < 


22.    The  reason  some  cells  are  grouped  in  series  is  to 

i  - 


conserve 


and  to  increase 


23.    The  reason  we  group  cells  in  series  is  to 


current  and  to 


\ 


voltag^. 


2k»    Internal  resistance  in  vet  and  dry  cells  will 


differ  because  of  the 
of  tb£  cells. 


and  construction  I 


I 


25.    The  Interned  resistance^ of  cells  will  differ 

\  *  *  V 

because  ot  the  '  and  4 


26.    Write  the  series  £ell  grouping  voltage  lav. 


 ■  ?  ■  .  ,  

You  have  now*  completed  this  program.    FeelOfree  1 
to  refer       *  to  any  page  that  ybu  vant.  Please, 
reread  the  objectives.    Thfcn  turn  to  pAge  13  for 
a  Self-Test.  '  •  » 
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SELF-TEST 
SERIES  CIRCUITS  . 
I.    Write  the  definition  for  a  series  circuit, 


1 


2.  In  the  circuit  below,  identify  the  various  circuit  functions  by 
specifying  the  proper  letters  and  subscripts,'  and  indicate  with 
arrows  the  direction  of  current  flow. 


VWVNA 


o 


WWNA 


3.*  Write  the  law  of  resistance  for  series  circuits. 


4 


4,    Write  the  mathematical  formula,  for  finding  total  resistance  of 'a 
serief  circuit  .having  three  resistors,  * 


I 

5.    Write- the  law  of  current  for  a  ieries  circuit, 

*  .*  * 

-;  *■  t 

6;    Write  the  law  of  voltage  for  ,a  series  circuit. 


7.    Write  the  mathematical  formula  for  binding  total  voltage  in  a 
series  circuit  having  three  resistors. 


'CONTINUE  ON  NEXT  PAGE 
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8.    Solve  for  Rt. 


Rx  "  50.A. 


R2  -  25^. 


R3  -  100  _n. 


AA/V 


9.    Solve  for  Et. 


CONTINUE  OH  NEXT  PAGE 
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10.    Solve  for 


AAAr 


R,  «  2.ji 


~  Et  »24V 


R3  '6si 
AMr 


U.    State  the  series  cell  grouping  voltage  lav, 

12 •    State  the  voltage  that  usually  exists  in: 
Wet  cells  .   Dry  cells 


13*  *  State  the  reason  why  some*  cells  are  grouped  in  series  • 


14.    State  the  reason  why  the  interned -resistance  in  dry  and  vet  cells 
differs.      .  ^ 
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INSTRUCTIONS 

This  lesson  gives  you  instruction  at  you!*  own  speed.    The  material 
is  presented  to  you  in  small  amounts  called  frames.     In  the  first  part  ' 
of  each  frame,  you  will  be  given  some  information.    You  will  then  be 
required  to  complete  a  statement  on  the  information  just  given.  After 
you  fill  in  the  blanks  or  complete  a  statement,  you  may  confirm  your 
answer  by  looking  to  the  left  side  of  the  next  frame.   -If  you  make  an  . 
incorrect  response,  go  back  to  the  preceding  frame,,  carefully  reread 
the  information,  and  correct  your  response. 

Yoa  may  fold  a  piece  of  scratch  paper  which  should  be  used  to  cover 
up  the  correct  answers  at  the  left  side  of  the  frames  until  you  are  read^ 
to  check  your  answers.    Just  place  it  on  the* left-hand  margin  and  slide 
it  uown  as  you  progress. 
'EXAMPLE:  % 


~)     *  ]'    Matte,r  is  anything  that  has  weight  and  occupies 

I  space.    Your  pencil  has  weight  and "occupies  space; 


therefore,  it  is  xv^^Xt^^ 


•  matter 


2.    Air  also  is  matter  because  it  has  weight  and 


occupies  space 

You  will  not  be  graded  on  your  answers,  but  you  must  decide  on  an 
answer  oefore  uncovering  the  correct  answer. 

list  of  learning  objectives  is  included  in  this  program.  These 
-earning  objectives  are  of  importance  to*  you,,  as  they  tell  you  exaptlv, 
wi.at  you  must  learn  from  this  lesson.    Read  them  careful  1.-.    The  self- 
test,   included  at  the  end  of  the  program,  is -based  on  the^e  objectives. 
It  will  be  to  your  advantage  t6  work  the  self-test.  / 

Be  sure  to'  follow  instructions  when  they  are  given. 


/ 

PARALLEL  CIRCUITS 
OBJECTIVES  - 

1.    The  student  will  define  a  parallel  circuit. 

&    Given  several  symbols  for  electrical  components,  the  student  will 
draw  a  parallel  circuit. 

3.  The  student  win  write. the  law, of  voltage  for^raUd  circuits. 

4.  The  student  will  write  the  law  of  current  for  parallel  circuits. 

5.  The  student  will  write  the  mathematical  formula  for  the- current 
law,  as  used  in*  parallel  circuits. 

6.  The  student  win  write  the  mathematical  formula  for  solving  total 
resistance  in  a  parallel  circuit.  s 

7.  Given  a  diagram  of  a,  parallel  circuit,  the  student  will  solve  for 
total  res is tance.     "  c  . 

8.  Given  £  diagram  of  a  parallel  circuit,  the  student  win  solve  for 
f  total  current. 

y.    Given  a  number  of  diagrams  of  parallel  circuits , -the  studerit  win- 

4      1  - 
solve  fcTr  unknown  voltages,  currents,  and  resistances. 

•  10.    The  student  will  write  the  tlaw  for  voltage  in  paralle.  cell  grouci'ng. 

11.  The  student  will  write  the  law  for  current  in  parallel  cell  grouping. 

12.  "  The  student  will  .write  the  law  for  resistance  in  -parallel  cell 

grouping. 

13.  Given  a  diagram  of  a  circuit  composed  exf  dry  cells  wired  in  parallel, 
tne  student  win  solve  for  total  voltage,  total'  current,  and  total 

,  resistance. 


li 
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INTRODUCTION 

Parallel  -circuits  are  used  expensively  in  most  modern  homes  and 
buildings,    A  common  example  tff  a  use  for  parallel  circuits  is  Christmas 
tree  lights.    With  the  older  lights,  when  one  bulb  burned  out,  they  would 
all  go  out.    Those  lignts  were  wired  in^a  series  circuit.    There  was  only 
one  path  for  the  <*u;rent  fl^ow,  and  if  that  path  was  broken,  everything 
quit.    With  the  newer  lights.,  however,  ,if  one  light  burns  out,  it  does 
not  affect  the  others.    This  is  a  parallel  circuit.    There  is  more  than 
one  path  for  the  current  flow .    In  a  previous  lesson,  you  learned  that  a 
series  circuit  is  one  that  has  two  or  jnore  electrifcal  components  connected 
end  to  end  so  as  to  form  only  one  path  for  the  current  flow      The  first 

M 

few  frames  _are  a  brief  review  of  what  you  should  know  about  series 
circuits.  ^  % 


..J 


Hi- 


b7 


add 


circuit 


resistances 


r  '  Page*  1 

1.    The  law  for  voltage  in  a • series  circuit  states  /. 

the  total  voltage  is  equal  to  the  sum  of  the  individ- 
ual voltage  drops.    Therefore,  in  order  to  solve  for 

total  voltage  in  a  series  circuit>ve  simply   

the  individual  voltage  drops. 


2.    The  law  for  current  in  a  series  circuit  states  the 
current  in  any  one  part  of  the  circuit  is  equal 
to  .the  current  in  any  other  part  of  the  same  circuit 
Therefore,  in  order  to  solve  for  total  aurrent  in  a 
series  circuit, we  need  only  know  the  curren^  in  any 
other  part  of  the  same 


3.    The  law  for  resistance  in  a  series  circuit  states 
the  total  resistance  is  equal  to  'the  sum  of 
the  individual  resistances.    Therefore,  in  order  to 
solve  for  total  resistance  in, a  series  circui^^we 
simply  add  the  individual    *  *      '  # 


In  this  lesson,we  will  be  working  with  the  game 
components,  but  they  will  be  connected  „a  'little  diff. 
erently.  t  To  be  more  specific/they  will  be "connected 
in  parallels   This  lesson  is  about  parallel  circuits, 
NO  RESPONSE  REQUIRED "! 
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parallel 


:ircuit\avii 


5.    A  parallel  circuit  is  cLefirted  as  a  circuit  .having 
"   more  than  one  path  for  the  current  flow.    In  the  ex- 
ample of  .the  parallel  circuit  shown  below,  notice* 
there  is  mc>re  than  one  path  for  the  current  flow. 


1; 


R 


•2 


A  circuit  having  more  than  one  path  for  the  current 
flow  is  a         '    circuit* 


1 


6.    If  a  parallel  circuit  has  more  than  otie  path  for  the 
current  flow,  select  from  the  sketches  shown  below 
the  drawing  most  representative  of  a  parallel  circuit 
(Circlfe  correct  answer,) 


■T  — 


rt2 

AMM — 1 


1 


T 


A 


B- 


7.    Define  a  parallel  circuit.' 
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•8.  Now  that,  we  know  the  definition  of  a  parallel  circuit, 
let's  look  at  some  more  examples  of  parallel  -circuits 
The  sketches  shown  below  all  represent  parallel 
circuits,  because  each  circuit  has  mop 'than  one  path 
for  the 'current  flow. 


t 


qL.  [AAAAAn 


Therefore,  a  parallel  circuit  is  one  having 

r  * 

than  one  path  for  the  current  flow.  » 


.9-    Using  the  electrical  symbols  shown  below,  drav  in  the 
connecting  lines  to  complete  a  parallel  circuit 
having  three  (3)  resistors  in  parallel. 


1 


CONTINUE  ON  NEXT  PAGE 
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10.    The-  nSxt  thing  we  are  going  to  cover  pertaining  to  -  J 
parallel  circuits  is  the  law  for  voltage.    The  lav  > 
t  for  voltage  in  a  parallel  circuit  states \  the 
voltage  across  any  one  branch  of  a  parallel  circuit 
is  equal  to  the  voltage  across  any  other  branch  of 
the  same  circuit.    In  other  words,  the  voltage  drop 
aqross  ea-ch  resistor  will  be  the  sedne  aS  the'tortal 
voltage.    The  voltage  across  any  one  branch  of  a 

parallel  circuit  is   ;   to  the  voltage 

* 

across   other  branch  of  the  same<  '$ 

parallel  circuit.    This  is  a  statement  of  the  law 
for    in  a'  parallel  circuit* 


equal 
'any 

voltage ' 


11.  ^  Now  let's  see  how  this^law  for  voltage  is  applied 
to  a  parallel  circuit.    In  the  sketch  below^ notice 
that  o\xr  source  voltage  (emf )  is  2U  volts."  Now 
•  follow  the  arrows  from  the  battery  as  they  go  to 
•    each  resistor,  and  you  will  see  that  the  full    ,  1 
b&ttery  voltage  reaches  §ach  resistor. 


1    If  the  voltage  across  any  one  branch  cf  a  parallel 
circuit  is  ^qual  to  the  voltage  across  any* other  • 
branch  of  the  sane,  circuit,  then  'the  voltage  across' 
^  R-^  should 'be   volts 


CONTINUE  ON  NEXT  PAGE 
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* 

2k  volts 

•12.    The  mathematical  formula,  for . the  voltage  law  is 
.  Et  8  El  **E2  s,  E3*    Actually  this  formula  tells  us 
, '  the  same  thing  that  the  voltage  law  tells  us,  and 
'that  is  that  the  voltage  acrcfss  any^one  branch  of  a 
parpllel  circuit  is  equal  to  the  voltage  efcroac  any 

u oxicx  ux  qhlii  ui  one  same  circui  o  •    me  matnematlcaJL 

*  > 

,    formula  for  voltage  in  a  parallel  circuit  is 

•  * 

\  i 

•  -» 
Et  =  El  =  E§  =  E3 

13.    Write  the  law  for  voltage  in  >a  parallel  circuit. 

Irhe  voltage 
across  any 
one  branch 
of  a  parallel 
circuit  is 
equal  to  the 
voltage  across 
ajly  other 
branch  of  the 
same  circuit. 

* 

]A/  Now  that  we  have 'covered  voltage  in  a  parallel 

circuit, let's  move  on  to  the  next  topic,  which  is  . 
f  _  current  in  £  parallel  circuit.    The  law  of  current 
'  in  a  parallel  circuit*  states      the  total,  current  in 
a  parallel  circuit  is  equal  to  the  sumof  the 
individual  branch  currents.    The  total  current  in  a 
parallel  circuit  is. equal  to  the                    xcf  the 
individual  branch  currents.    This  ie  a  statement  of 
the  law  for,                         in  a  parallel  circuit.  * 

»                              *  ^ 

>  • 

0 

CONTINUE  ON  NEXT  PAGE, 
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15.    The  mathematical  formula  for  determining  total 

current  in  a  "carallel  circuit  isy^Ij.-T-.-^I^+I  «  or 
paraxxex  circuuyit  l^i^,  or 

^the^otal  current          is  equal  to  the  current 
T>assinc  through  the  1st  branch  (li  )«  Dlus  the      *  1 

nurrpnt  r\occi  ncr  ■fViTnncrh  "Hip  Pnd  bTAnnVi   ^T^s^*  nl  wet*^^" 

'           '  •                                    /  \ 

thp  piiT*T*pnt  TViQ^inff  thT*niiffh  thp  ^T*d  bTAnch  (       J . 

1 

So  in  order  to  determine  total  current  in 'a  parallel; 

sum 

c 

circuit,  the  juathematical  formula  to  u£e  is 

current 

• 

• 

16.    Therefore,  the  law  for  cdrrent  in  a  parallel  circuit 
etates  that  the  total  current  is  equal  to  the 

*  of  the  individual  branch  currents .    The  mathematical 

r  ,* 

formula  used  to  determine-  total  current  in  a  parall- 

^t=Il+I2+I3 

el  circuit  is  *Itr- 

17.    If  the  total  current  is  equal  »to  the  sum  of  the 

\ 

individual  branch  currents  in  a  parallel  circuit, 
the  total  current  in  the  circuit  .shown  below  would 
be: 

sua 

(6A)         Q6A)      —   ] 

r  '  RiS"     R2<              Ir  a6a  ! 

26a 

.18.    Write' th^  law  fo'r  current  in  a  parallel  circuit.  j 

1 

1^-11+12+13 

CONTINUE  CN  NEXT  PAGE 
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I    Total  current 
I    is  equal  to  the 
,  I    sum  of.  the 
1  individual 
I    brancfh  currents 

19.    The  total  current  is  equal  to  the  suin  of  the  in-  j 
•  dividual  branch  currents.    This  is  a  statement  of 
the  law  for  /    •                  in  a  rarallpi  m«.,h*  '  ' 
of  which  the  mathematical  formula  is 

J  current 
1  » 

ItsIi*I2+l3 

20..    Write  the' mathematical  formula  for  the  current"  law. 

I  * 

Ik 
tl 

lt=I1+I2^I3 

I  * 

21.    The  next  topic  to  be  covered  is  the  law  for  resis- 
tance in  a  parallel  circuit.    The  law  for  resistance 
states      the  total  resistance,  irr  a  parallel  circuit 
is  always  smaller  than  the  smallest  resistor  in  the 
circuit.    The  total  resistance  is  always 
*   than  the  smallest  -rliistor  in  *a 
circuit.  - 

J  '  smaller 
J  parallel 

I  * 

1  * 

!  0 

22/    One  Method  used  to  determine  total  resistance  in  a 
parallel  circuit  is  by.  using  the  mathematical 

(reciprocal)^  formula  which  is  1  =  1+1  +  1..  One 

*                .      Rt    Ri  4  R2 
method  of  determining       total  resistance  in  a 

parallel  circuit  is  by  using  the  formula 

-     1  =                                             f  This  is  known  as  t.h* 
Rt 

• 

•  formula. 
< 

•  * 

+  CONTINUE  ON  NEXT  PAGE 
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1+1  +  1 

Rl    R2  ^ 

mathematical 
or 

reciprocal 

23.  '  In  a  previous  lesson, you  were  taught  reciprocals. 
Just  to  refresh  your  memory,  remember  that  the  re- 
ciprocal of  a  number  is  a  fraction  with  a  numerator 
of  1  and  a  denominator  .of  the  number  itself     As  an 
example,  the  reciprocal  of  5'  would  be  1  and  the 

rt      'reciprocal  of  8  would  be  1.    Match  the  numbers  and 

5  - 

their  reciprocals  shown  below.  * 

A.  6  .                 1.    1    «                      '           .  '  . 

.  ? 

B.  2                    2.  1 

^3  * 

?j 

C.  53    .            3.  *1 

.  26 

D.  26                  k.    1  / 

r 

A.  k 

;  B-  ! 

j    C.    2     '  . 

• 

D.  3 

2k.    Now  that  you  remember  how  to  find  the  reciprocal 

of  a  number,  let1  s  talk  about  the;  reciprocal  of  a 

fraction.    If  you  remember,  you  were  taught  that  the 

reciprocal of  a  fraction  is*  found  by  simply  invert- 

7  - 

ing  the  fraction,  and  then  reducing  to  the  lowest 

*  ■> 

terms*.    In  order  to  find  the  reciprocal  of  a  fract- 
ion,  we  must                                  the  fraction  and 

to  the  lowest  .terms. 

r 

CONTINUE  Otf  NTCXT  PAGE 
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reduce 


1.    2  2 

3 

/2.    1  1 

7 

3-    1  1 

3 

k.    2  ^ 
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25.  In 


order  to  help  refresh  your  memory,  the  following 
are  some' examples  of  reciprocals  of  f rations.  The 
reciprocal  of  the  fraction  2  is  3  and  reduced  to 
its    lowest  terms  l£.    The  reciprocal  of  the  fract- 
ion |  is  |  and  reduced  to  its    lowest  terms  1  2. 
Find  the  reciprocals  of  the  following  fractions: 

I-    3  '  ' 
E 


<nz- 


3.  3 
-  5" 
k.  l 

2 


26.    Up  £o  this  point, we  have  reviewed  the  reciprocal  of 

a  number  and  the  reciprocal" of  a  fraction.  .You  have 

also  previously  learned  that 'the  symbol  Rt  stands 

for  resistance  total.    The  symbol  Rt  (resistance 

total)  represents-  a  number,  doesn't  it?  Therefore 

-*         »  ' 
the  reciprocal  of  Rt  would  be  1  ,  and  the  recip- 

R  * 

•  rocal  of  Ri  would  be  1  ,  the  reciprocal  of  RP 

Rl 

would  be  1      etc.         NO  RESPONSE  REQUIRED 

-.      R2  '  ' 


\ 


27^.    Therefore,  in  order  to  determine  total  resistance 

in  a  parallel  circuit,  the  mathematical  (reciprocal) 
formula  'must  be  used.    In  order  to  determine  the 
total  resistance  in  a  parallel  circuit,  the 


  formula  must  be  used. 


CONTINUE  ON  NEXT  PAGE 
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\ 


» 

mathematical 

.    or  / 
reciprocal 

28.    The  mathematical  ( reciprocal )  formula  used  to  deter-  i 
-   mine  total  resistance  in  a  parallel  circuit  is 
r«  1       1  4-  1  ♦    The  mathematical  (reciprocal) 
v^     fdrxmila.  is  used  to  determine  total                    *  . 
in  a  parallel  circuit.        «  " 

\ 

resistance 

in  a  parallel  circuit. 

*  * 

A 

l     i+  l  v+  l 

Rt    Ri  R2  R3 

30.    Now  before  we  go  any  farther,  let's  review  some  of 
■+*>"io  thlnffQ         Vinvp  f  nvprpd  u*n  f.n         s  'Dolnt*  This 

lesson  is  about                     .  circuits. 

7  - 

parallel 

31.    A  parallel  circuit  is  defined  as  a  circuit  having 

than  one  path  for  the  current  flow. 

more 

32.    A                                circuit  has  itiore  than  one  path 
for  the  current  flow.  , 

parallel 

33.    In  a  parallel  circuit,' the  voltage  across  any  one 
branch  is                          to  the  voltage  across  any 
other  branch  of  the  same  circuit. 

equal 

lU.    In  a  parallel  circuit,  the 

voltage  is  applied  across  each  resistor. 

.       •      '  \i 

CONTINUE  ON  NEXT  PAGE 
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total 
■  or 
same 


Et=E1=E2-E3 


parallel 
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35-    The  mathematical  formula  for  total  voltage  in  a 

parallel  circuit  Containing  three  (3)  resistors* ia 


36.    The  current  lav  states  that  the  total-  current  in  a 
parallel  circuit  is       =  to  the  sum  of 

the  individual  branch  currents.        ~  ■ 


37.    The  total  current  is  equal  to  the  sum  of  the 

individual  branch  currents.  This 'is  a  statement  of 
the  law  for  current  in  a    circuit. 


the  sura  of  the 
individual 
branch  currents 


38.    The  current  law  states  that  the 
current  is  equal  to  the 


of  the 


individual  branch  currents. 


39.'  The  law  for  current  in  a  parallel  circuit -states 

the  total  current  is  equal  to  * 

»     -  .  


kO.    The  mathematical  formula  for  total  current  in  a 
parallel  circuit,  containing  three  resistors  is 
It=  * 


kl.    In  a  parallel  circuit,  the  total  resistance  is  always 

_  than  the  smallest  resistor 

in  the  circuit. 


CONTINUE  ON  NEXT  PAGE 
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smaller 


mathetnatical 
or 

reciprocal 


1=1^14  1- 

Rt    Rl    R2  R3 


h2.    Total  resistance  in  a  parallel  circuit  must  be 

solved  by  using  the   

formula.- 


U3.  ,.The  mathematical  (reciprocal)  formula  for  total 
resistance  in  a  parallel  circuit  is  1  : 

R  t 


hh. 


Now  that  we  *have  reviewed  the  laws  and  formulas  of 
parallel  circuits, it fs  time  we  started  to  work  some 
problems.    Just  in  case  some  of  the  formulas  have 
slipped  your  mind,  write  them  down  so  you  can  refer 
to  them  later. 

Ohm's  Law--  E  =  IxR  I  =  E  R  =  E 

1    -  R  I 

Law  of  Voltage--  Et  s'Eg  =  E^ 


Law  of  Current--  It  : 

Law  of  Resistance —  \ 

\ 

NO  RESPONSE  REQUIRED. 


•    =  1   >  1    +  1 

"t     %     R2  R3 


^5.    In  the  following  circuit, we  will  solve  for  Rt, 
Notice  that  the  parallel  circuit  shown  below  has 
three  resistors  in  parallel.    They  are  R]_  =  2fl  , 
R2  s       ,  and  R^  =  6fl  .    Keep  in  mind  now  that  the 
reciprocal  formula  must  be  used  to  find  total  resis- 
tance. 


-T- 


?3 
6n 


The  mathematical  (reciprocal)  fdrraula  for  total 
resistance  in  a  parallel  circuit  is  1  -  1  +  1  +  1 

Rt    \    R2  f 
Therefore,  replacing  the  letters  with  the  values 
of  the  resistors  in  the  circuit,  we  should  now  have 
1  = 

Rt   J  :  ' 


3 


CONTINUE  ON  NEXT  PAGE 
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1=1+1^1 
Rt   2    IT  I 


12 


invert 
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fc6.    The  next  step  in  this  problem  is  to  do  as  the1 

formula  tells  us:  1  =  |  +1  +  1  .    To  add,  the  rec 

Rt    Rl    R2    R3  P 

rocals  ,of  the  individual  .resistances  fi  +  1  +±\ 
^  ve  must  first  find  the  lowest  common  denominator. 
In  this  case,  the  lowest  common  denominator  is,  ' 

^7.    Having  found  that  the  lowest  common  denominator  is 
12,  we  can  ™w  add  |   or  ^  lor  i  ,  and  1  or  2 


resistance  (1  )  i{5  equal  to         or  to  put  it  in 

-Lei  • 

mathematical  terms,  i  -  Now  in  order  to  find 

the  totai^resistance,  there  are  still  a  couple  of 
things  left  for  us  to  do.    Our  answer  up  to  this 
point  tells  us  we  must  find  the  reciprocal  of  the 
total  resistance  ( g j.    In  order  to  find  the  • 
reciprocal  of  a  fraction,  ve  must  . 
that  fraction. 


«*9.    N9v  if  ve  invert  one  part  of  our  ansver  (ii),  Ve 

mujst  invert  the  other  mrt    fl  }  tt™ 

uwier  pare,  {     ).  .  Hence  our  ansver 

12 

1S  Rt  =  IT*   Now  our  fina^  steP  is  t0    <  1 


"Co  the  lovest  terras. 


CONTINUE  ON  NEXT  PAGE 
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reduce 


50.    Rt  (resistance  total)  in  this  case  now  is  1  a  or 

i   J  .11 

1*090  .    Remember  that,  in  a  parallel  circuit,  the 
*  < 
(    total  resistance  is  always  smaller  than  the  smallest 

resistor  in  the  circuit..  »In  this  circuit, the  small- 
est resistor  is  2ft.  and  the  tdtal  resistance  is 
1.09 Q  .    NO  RESPONSE  REQUIRED. 


51.    Now  that  we  have  gone  through  one  problem  together, 
let's  see 'if  ^/ou  can  handle  one  by  yourself.  JCeep 
0    some  scratch  paper  handy,  and  in  the  following, 

problem, solve  for  total  resistance^.  Don't  forget  to 
use  the  reciprocal  formula 

3a     <6a  V% 


Answer 


Pr  * 

•1.636  n 


SlJS  ON  N 


52.    If  you  are  still  with  us  up  to  this  point,  let's  try 
one,  more.    If  you're  lost,  return  to  frame  kk  and 
review- up  to  this  do int. 

Solve  for  total  resistance.  '  ' 


r 


Answer 


CONTI- 


TEXT  PAGE 


or 

1*330 


sum 


it=i1+i2+i3 


19  amps. 


\ 


add 
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53:    Nov  let ' S4g^\& ^ ^e^ext  fifing  .we ' 11  do  is' 
solve  f(^ffi^^^^po^al).    Remember  now,  tty 

total. cu^g^^^Vtp  the  _H  ....  of 
the  injMf^j 


'currents .  •  Mathematically,  this^" 


is  written  as-  Ifg&g^' 


5^.    In  the  following  problem,  solve'  for  total  current: 


Answer 


55-    In  the  problem  you  just  finished,  each. ammeter 

r" 

I 

indicates  the  current  going  through  each  individual 
branch  of  the  circuit.-    As  shown}  there  are  5  amps, 
going  through  R1#  12  amps,  going  through  R2,  and 
2  amps. going  through-  KT.   ,ln  order  to  find  .the  total 

current  (it),  we  simply   _^  the  branch 

currents.  \  ^ 


56.    All  right,  let's  try  one  more.    In  the  following 

problem, solve-  for  total  current: 


1 


6  A 


3  a) 


Answer 
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17  amps. 


X 


57.    Now  that  we  have  worked  a  few  problems  solving,  for 
total  resistance  (Rt)  and  for  total  current  (1^),  * 
letf*s  combine  these  and  solve  for  all  the  unknowns , 
both  current  and  resistance.  ^We  are  now  going  to 
have  to  use^  Ohm's  Law  along  with  the  various  laws 
we  have  learned  for  current,  resistance,  and  voltage 
in  a  parallel  circuit.    NO  RESPONSE  REQUIRED.  * 


58.    Before  we  get  going, let's  try  working  a  problem 
together,  and  in  the  next  12  frames  we  will  solve 
for  all  the  unknowns  in  the  following  circuit: 


This  circuit  represents  a  parallel  circuit,  because 

there  is    than  ohe  path  for  the  current 

flow. 


/ 
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Complete 
answer  will  be 
found  in  a" 
later  frame  in 
the  program. 

*  * 

more 

59*.    First  of  all,  let's  solve  for-Ei  and  E?.    As  you 

learned  earlier  in  the  lesson,  the  voltage  apross  any 
one  branch' of  a  parallel  circuit  is  equal  to  the- 
voltage  across  any  other  branch  of  the  same  circuit, 
or  Et=E1=E2?E3..   So  if  the  total  voltage  (Et)  is 
120v,  then  Ej_  should  be                       yolts  and  Eo* 
should  be                '  volts. 

120 
120 

60.    Now  briefly  return  to  frame  58  and  insert  the  •  * 
answer  for  E1  and  Eg.    The  next -thing  we  tan  do  is 
solve  far  resistance  total  (Rt).  *  Remember,  we  must 
use  the  reciprocal  formula.    Therefore,  the  recipro- 
cal of  Rjl  (1*5>  would  be                     and  the  recipro- 
cal of  R2  (90)  would  be                  .  ' 

* 

i 

1 

90 

61.    There  are  only  two  (£)  resistors  in  this .circuit, so 

our  reciprocal  formula  would  read  1  =  1  +  1  ,0r 

Rt  R2 

1  =  1+1       Now  our  next  step  is  to  find  the  - 
Rt   ^5  |p. 

common  denominator r  vhi rh  in  * 
this  case  is  . 

lowest 
90 

62.    With  90  as  the  lowest  common  denominator,  out 

problem  should  now  read  1  =  2  +  1    or  1  =  3.  ^In-7 

Rt  90  90     fft  $o 

order  to  find  the  'reciprocal  of  the  total  resistance, 
we  *™st                                      the  fraction. 

CONTINUE  ON  NEXT  PAGE 
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Inver' 


63.    Once  we  have-^nverted,  our  problem  should  now  look 

l;ke  this:    Rt  =  bo.*'  But,  we 'still  have  dne  more 
v    3  ' 

thing  to  do  ana^hat  is    to  the  lowest 

terms  •  *      ,f         * . 


-eauce 


6k. 


In  order  to  reduce  to  the  lowest  terms, ve  must 
m  divide  $0  by  3.    Thjj*  will  give  us  an  Rt  of 


ohms , 


30 


in' s 


65.  "Mow  briefly  return "tp  frame  58  and  insert  the  ans- 
wer  for*Rf    Well,  this  leaves  us  just  I]y  I2,  anc 
It  to  solve.    As  you  can  se^e,  we  cannot  use  the*! 
mathematical  formula  fcr  finding  total  current  just' 
yet,  because  Ii  and  IP  are  not  known.    So,  let's 
*     find  the  values,  of  1^  and  I2-    NO  RESPONSE  REQUIRED. 


66.    Here  is  where  we  are  going  to  have  to  put  Ohm's  law 

to  use.    Let's  start  with  Ii.    We  do  not  -know  the 

value  .of  Ii,  but  we  ^<^know  that  the  value  of  is 

120v  and  the  value  of  R^  is  U5fl  .   *So  in  order  to  - 

solve  for  current  usingVohm1 s  law,  thfe  formula  to 

use  is  I  s  E.     In  order  to  solve  for  Ii  in  this 
R 

problem,  we  must  use   law,  of  which  the 

formula  is  ' 


67.    Using  Ohm's  law,  and  substituting  the  values  ^for  the 

letters  I  s  E,we  new  have  I  =  120.  "therefore, 

R    -  . 

^1  =  El  or  Ii  =  120, which  gives  us    amps. 


CONTINUE  ON  NEXT  PAGE 
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W3 


68.    Briefly  return  to frame  58  and  insert  your  answer 
for  I1.    Nov  i2  can  be  solved  by  the  same  method. 
We  know  the  value  of  Eg  is  i$6v  and  .the  value  of  R2 
is  9Q;  so  using  Ohm's  law  once  again  (I  =  E),  we  can' 

V  R  ' 

determine  the  value  of  l2>.    In  this  case,  J2'  =  E2  or  3^ 


'I2  -  120  .which  gives  us 
90 


araps, 


69.    Once  again  return  to.  frame  58  and  insert  your  Answer 

for  l2.    Now  all  we  have  left  to  do  is  solve  for  L, 
\  -  t ' 

and  this  is  no  problem  because  we  know  that  the     '*  ' 
mathematical  formula  Yor  finding  total  current  is  I 
s  Jl  f  I2  *  I3*    Naturally^ in  this  case, there  are 
only ^two  (2)  resistors,  so  the  formula  would  read  . 
*t  =  *i  ♦  I2,  and  It  would  be   . 


70.    Now  return  to  frame  58  and  insert  your  answer  for  lt.> 
"You  should  now  have  solved  for  all  the  unknowns,  jand 
all  your  answers  should  be  written  down  in, frame  53. 
Your  answers  should  be  as  follows: 


120v 


2.67e 


♦  E. 


120v 


NO  RESPONSE  REQUIRED*. 


U.Oa 


30  a 
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71  •    If  your  answers  are  the  same  as  thos£  shown  in  the 
previous  frame,  then  you're  ready  to  try  another 
problem.    If  your  answers  are  not  the  same,  return  to 
frame  58  and  review  up  to  f^ame  JQ.    All  right,  in 
the  following  problem, solve  for  the  unknowns: 

'                                                                                                                                                                                              *  ft 

ETi  ,-       |RI         JR2  ,     .  |r3 

'Ei  ='      .              Ii  =                     Rn  :  12(1 
E2  =                    I?  =                    R2  =     6Q ' 

'    'E3  =                 l3  =                 R3  =  Un 
Et  =    60v           It  =                   Rt>  = 
< 

J 

- ,  f 

Ejl  =  60v 
_E2  -  60v 

"E3  r  6ov 

,  Et  =  60v 

II  =  5a 
,I2  =  10a 
■  I,  =  15a 

1^  =  30a  * 

Rl  =  120  /•' 

Ro  =  60 
R.  =  UCl 

r£  =  20  ^ 

* 

72*    Up  to  this  point, we  have  been  studying  voltage, 

current,  and  resistance  in  a  parallel  circuit.  Now 

,       let's  see  how  this  all- applies  when  wiring  cells 
together  (either  dry  or  wet  cells)  in  parallel. 
This  wiping  of  cells  together. in  parallel  is  refer- 
red to  as  parallel  cell  grouping.    NO  RESPONSE 
* 

^REQUIRED.         ^  • 

\ 

•  « 

t 
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1 73'.    Just  as  in  parallel  circuits,  there  are  laws  that 

apply  to. parallel  cell  grouping.  *f  or  voltage,  current 
and  resistance..  The  law  for  voltage  in  parallel  eel] 
grouping'  states  the  total  voltage  of  a  'group  of 
cells  wired  in  parallel  is  the  "same  as  the  voltage 
of  a  sinRle  cell.  The  total  voltage  of  a  group  of 
cells  wired  in  parallel  is  the 
the  voltage  of  .a   cell. 

7fc.    The  total  voltage  of  a  group  of  cells  wired  in 

.    parallel  is  the  same  as  the  voltage  of  a  single  cell 
'This, is  a  statement  of  the  law  for  ' 
in  parallel  __   grouping. 


as 


| 75.    Because. the  total  voltage  is  the  same  as  the  voltage 
of  a  single  cell  in  parallel  cell  grouping,  the 
mathematical  formula  we  can .use  to  determine  total 
voltage  will  be  the  same  as  the  one  we  used  for 
parallel  circuits:    Et  =  E1  =  %  =  E3.    In  ordfeY  to 
'solve  for  tota$  voltage  in  parallel, cell  grouping, 
"the  formula  we  must  use  is  E^  c 


1 76.    Write  the  law  for  voltage  in  parallel  cell  groupi-ng. 


Et  =  E1  -Eg  =  E3I 
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The  total 
voltage  of  a 
group  of  cells 
wired  in 
parallel  is 
equal  to  the 
voltage  of  a 
single  cell. 


sum 
each 


current 
cell  . 


sum'  of 

the  currents 
.available  from 
each  cell 


77.    ThS* next  thing  we  will  cover  about  parallel  cell 
grouping  will  be  the  law  for  current.    The  law  for 
current  in  parallel  cell'  grouping  states     the  total 
current  from  parallel  cell  grouprrfgTs  equal  to  the 
sum  of  the  currents  available^ rom  each  cell.  The 
total  current  from  parallel  cell  grouping  is  equal 
to  the   >   of  the  currents  available 


from 


cell 


78.    The  total  current  from  parallel  cell  grouping  is 

equal  to  the  sum  of  the  currents  available  from  each 
'  cell.    This  is  a  statement  of  the  law  for   


in  parallel 


grouping. 


79     The  total  current  from  parallel  cell  grouping  is 
^equal  to  the  ^  


80.    Since  the  total  current  is  equal  to  the  sum  of  the*  * 
currents  available  from  each  cell,  the  mathematical 
formula  we  can  use  to  determine  total  current  from 


parallel  cell  grouping"  will  be  the  same  as  the 


one. 


1 


we  used  for  parallel  circuits:    It  =  Ij+I^+I^. 
Therefore,  in  order  to  solve  for  total  current  in 
parallel  cell  grouping,  the  formula  we  must  use  is 
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w-l.    wxxue  x,ne  law  ior  current  in  parallel  cell  grouping. 

• 

 ■  *   • 

The  total 
current 
from  parallel 
cell  grouping 
is  equal  to 
the  sum  of 
the  currents 
avaiidUK;  1 rom 
each  cell 

82.    Finally, -we  must  cover  .resistance  iru parallel  cell 
grouping.    The  law  for  resistance  in  parallel  cell' 
grouping  states      the  total  resistance  in  parallel* 
cell  grouping  is  always  smaller  than  the  resistac-ce 
of  any  one  of  'the  sells.    In  uamllel 
the  total  r$sistai\ce  is  always 
than  the  ^resistance  of  any  one  of  the 

smaller 
cells 

63.    The  total  resistance  in  parallel  cell  grouping  is4 

aiways  smaller  than  the  resistance  of  any  one  of  the 
cells.    This  is  a  statement  of  the  law  for 
^               in  parallel  < 

grouping.; 

resistance 
->6ell 

Hk.    The  total  resistance  in  parallel  cell  grouping  is • 
4  always 

smaller 
than  the 
resistance  of 
any  one  of  the 
cells 

v 

In  solving  for  total  resistance  in  a  parallel  circuit, 
we  had  to  use  the  reciprocal  formula,  1  =  1  f  1  f  l 

Rt  \  R2  R3 

Since  the  <saine  formula  is  u$ed  in  solving  for  total 
resistance  in  parallel  cell  grouping,the  mathematical 
formula  we  must  use  is  1  S 

^     •     .     .Rt      ,       ■  . 

 :  ,  £  .  \  . 

.     ,  1      \        CONTINUE  ON  NEXT  PAGE 
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1  =  1  4  1  +  I 

Rt    RX    R2  R3 


86.    Write  the  law  for  resistance  in  parallel  cell 
grouping. 


87.  .  Now  that  we  have  gone  through  the  laws  for  voJtage, 

current,  and  resistance  in  parallel  cell  grouping,. 

it!s  time  we  worked  some  problems  in  parallel  cell 

t±  grouping.    Just  to  refresh  your  raemoryyhere  are  the 
mathematical  formulas  once  again: 


The  total 
resistance 
in  parallel 
cell  grouping 
is  always  , 
^smaller  than 
the  resistance 
of  any  one  of 
the  cells. 


Ohm's  Law 

Law'  01  Voltage 
Law  of  Current 


E=IxR 


I=E  R=E 
R  I 


Et  =  E1  =  E2  =  E3 


It  =  II  +  I2'  +  I3 


Law  of  Resistance    1    =1    +1  +1 


Rt 


R2 


<3 


NO  RESPONSE  REQUIRED • 


88.    In  the  circuit  shown  below  consisting  of  three  cells 
wired  in  parallel,  so3v<=        Jtotai  voltage,  vhen 
each  cell  is  Slivering  lov  of-emf. 


.*«  .1  K 1 THi-  •%*  MllnrilTTr  JMMMK^MW 
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b9.    In  the  problem  you  just  eompleted,  if  you  remembered 
the  correct  mathematical  formula  to  use,  you  should 
not  have  had'  a  bit  of  trouble.    Remember;  you  were 
looking  for  Et,  and  you  were  tola  that 'each  cell 
delivered  1.5v.    Therefore,  Et  =  E1  =  -Eg  =  E3  or 

Et  s  1.5  s  1.5  »  1.5.    In  the  following  circuit  of 
three  cells  wftred  in  parallel,  solve  for  total  cur- 
rent  if  eacij^cell  'is  delivering  30  amps,  of  current. 


Answer 


90.    If  you  got  90  amps. for  your  answer,  this  is  very 
good,  because  it  shows  that  you  used''  the  correct 
mathematical  formula,  It  =  Ix  +  I2  +  13.    No*  let's 
try  working  a  problem  solving  for  total  resistance 
in  parallel  "cell  grouping.    In  the  following  prob- 
lem, solve  for  total  resistance,  if  t±e  resistance 
of  each  cell  is  .0§lB  .'   Don't  forget  \he  reciprocal 
formula  I 


AnsVer 
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or 

•017  a 


.0166 

or 
.017 


490 


91.    Just  in  case  you  had  trouble  with  the  last  problem, 
let's  go  through  it  together .    Using  the  reciprocal 

formula  1  =  1+1  +  1    and  inserting  the  values  ,we 

Rt    Ri    R2  R3 
shQuJi  now  have  1  =  1  +  1  +'1    or  1    =  3  .    Now  our 

Rt  -05  .05  -05      Rt  .05 
next  step  should  be  to  invert  the  fraction  and  re- 
duce to  the  lowest  terms.    Inverting  the  fraction 
then  would  give  us  Rt  =  J0^.    Now  our  final  step  is 
to  reduce  to  the  lowest  terms,  which  means  we  must 


divide  .05  by  3.  The  result  for  Rfc  is 

J 


ohms . 


92.*  All  right,      let's  try  working  another  problem  on 
parallel  cell  grouping.    In  the  following  problem, 
solve  for  total  voltage,  total  current,  and  total 
resistance: 


El 


1.5v 


E2  "  l«5v 

« 

E3  =  '1.5V 
Et  =   


11  =    .25&         %  =  6fl 

12  »25a  R2  ft  6a 
T3  =  ■  >2^a     .*    R3  '=  6A 


h  5 


Rt  = 
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93*  '  Now  that  you  have  completed  the  entire  lesson  on 

parallel  circuits  and  parallel  cell  grouping,  let's 
review  everything, that  was  covered.    A  parallel 
circuit  is  defined  as  a  circuil  having 
than  one  path  for  the  current  flow.  - 


9^.    A  circuit  that  has  more  than  one  path  for  the  cur- 
rent^flow  is  known  as  a      .  '  circuit. 


95.    In  a  parallel  Circuit,  the   .  voltage 

is  app^ed  across  each  component.  •  * 


96.    Since  the  total  voltage  is  applied  across  each 

component  in*a  parallel  circuit,  the  voltage' will  be 

the   across  any  branch  of  the  same 

circuit. 


97 


.    In  a  parallel  circuit, the  voltage  across  any  branch 

is  •    to  the  voltage  across  any  other 

branch  of  the  same  circuit. 


98.    The  law  for  voltage  in  a  parallel  circuit  states 
the  voltage  across  any  one  bra^teh  is 


to  the  voltage  across  any  other  branch  of  the*  same 
circuit., 


99.    Write  the  law  for  voltage.^  ^_ 

V  ;  =  ■- 
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The  vcltage 
across  any  one 
bran.h  of  a 
parallel  circuit 
is  equal  to  the 
voltage  across 

*  any  otfter  brane}- 

*of  the  same 
circuit . 

100,    The 'mathematical  formula  for  total  voltage  of  a- 
parallel  circuit  that  has  three  (3)  resistors  is 

Et  r  E^E2-E3 

101,  ^  Since  there  is  more  than  one  path  for  cjurrent  flow 
in  a  parallel  circuit,  the  current  will  divide  it-/ 
self  between  the  different  . 

paths 
or 

branches 

* 

102.    Therefore,  the  total  current  in  a  parallel  circuit 
is  equal  to  the                              of  the' individual 
branch  currents. 

• 

> 

sunft'          *   "  < 

103.    The  current  law  states  that  the  total  current  in< a 
parallel  circuit  isj,                           to  the  sura  of 
the  individual, branch  currents. 

equal 
♦ 

10U.  '  The  current  law  states  that  the  * 
current  is  equal  to  the                           of  the 
'   individual  branch  currents. 

• 

total 
sum 

> 

105.    Write  the  current  law  for  parallel  circuits.  <  < 

Total  current 
is  equal  to  the 
sum  of  the 
individual 
branch  currents 

*  J 

106.    The  mathematical  formula  for  total  current?  inV 

parallel  circuit  containing  £hree  (3)  resistors. is 
It.  =                                                     .      '  • 

49*. 
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107.    The  total  resistance  in  a  parallel  circuit  is 
It=  Il+I2*1:?      I  always  smaller  than  the  , 

resistor  in  the  circuit.  - 


y<5 


108. 

The  law  for  resistance  in  a  parallel 

circuit  states] 

smallest 

that 

the 

total  resistance  is  always 

than 

Wie- 

resistor in  £.hf> 

circuit.  I 

smaller 

109. 

Write 

the 

law  for  resistance  in  a  parallel  circuit J 

smallest 

tance  is  always 

SjSStlSiSl   1  • (lt>  are  not """" ln  a  parallel  «. 

tor  in  the 
circuit 


total  resistance  (Rt)  must  be  solved  by  using  the 
 j|  W   formula. 


reciprocal 


111.   IjThe  mathematical  (reciprocal)  formula  for  finding  j 

total  resistance  in  a  parallel  circuit  is 
♦ «. 

1  =   r  

Rt  • 


1  =  1+1+1 

Rt    Bi  R2  '  R3 


112.    A  number  of  ■  dry":  cells  wired  together  in  parallel 
are  referred  to  as  parallel  cell 


grouping 


113.    The  law  for  voltage7  in  parallel  cell  grouping 

states  that  the  totaXybltag'e  (Et)  of  a  group  of 
cells  connected  ,in  parallel  is  the  same  as  the 
voltage  of  a    cell. 
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I 


s'ingle 


Write  the  law  Cor  voltage  in  parallel  cell  group- 

ing*  

 ■  : —  ( — 


tage^a"  g*roup  p?'  Therefore'  the  total  (Et)  from  parallel 

of  cells  connect}.  ,\ 

ed  in  parallel  , cel1  8rouPing  would  be  the  same  as  the   

is  the  same  as  I 

the  voltage  of  al  of  any  cell. 

single  cell 


voltage 
one /single 


116.  The  mathematical  formula  that  can  be  used  to  deter- 
mine total  voltage  (Et)  from  parallel  cell  grouping 
is  Et  =   


117.    The  lav  for  current  in  parallel  cell  grouping 

states  that  the  total  current  (lt)  from  parallel 

cell  grouping  is  equal  to  the   of  the 

currents  available  from  each  cell. 


118.    Write  the  law  for  current  in  parallel  cell  grouping. 


sum 


.I 


The  total  cur- 
rent from  par- 
allel cell 

frouping  is 
qual  to  the 
sum  of  the  cur- 
rents available 
from  each  cell 


119.    So,  in  parallel  cell  grouping,  to  determine  total 
current  (lt);we  simply  c 


the  currents 


available  from  each  cell. 
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120.    The  mathematical  formula  for  finding  total  current. 
(It)  in  parallel  cell  grouping  is  It  = 


It  =  Ii+I2+I3 


less/smaller 


121.  The  law  for  resistance  in  parallel  cell  grouping 
states  that  the  total  resistance  in  parallel  cell 

grouping    is  always  £han  the 

resistance  of  any  one  of  the  cells. 

122.  The  total  resistance  is^always  smaller  than  the 
resistance  of  any  one  of  the  cells.    This  is  a 
statement  of  the  law  for  ,  in 
parallel  cell  grouping. 


123.    Write  the  law  for  resistance  in  parallel  cell 
grouping. 


resistance 


Total  resistance   ■  

grou'ing^s  a"-!  ^  '  If  -V°ltage  ^  the  total  ^rent 

StSe'ras'is-  •    (lt)  ai*e         ^  in  Parallel  CSl1  8™PW  then 

oneCof°thencellJ     '  t0tal  reSist^ce  must  be  -civ*  by  using  the 

,   .  formula.  * 


;~prc^al 


125.    The  mathematical  (reciprocal)  formula  for  finding 
total  resistance  from  parallel  cell  grouping  is 

i'--_   5  - 

Ht   " 
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1=1+1+1 

Rt  R3 


This  is  the  end  of  the  lesson  on  parallel  circuits,  if 
there  is  anything  you  do  not  understand,  feel  free  to 
refer  to  any  frame  in  the  program  you  desire 7-  Finally, 
return  to  the  learning  objectives,  read  them  again; 
if  you  can  do  what  they  require,  you  are  ready  to  take 
the  self -test. 


V 


* 


SELF-TEST 


1.    A  parallel  circuit  is  defined  as: 


 '  f  ^  

2.    Using  all  the  components  shown  below,  draw  the  connecting  lines  \o 
complete  a  parallel  circuit. 


1 


3.    The  law  for  voltage  in  a  parallel  circuit  states  that: 


Mathematically, this  is  written  as: 


The  law  for  current  in  a  parallel  circuit  stdtes  that: 


5«    Write  the  nath&mAtical.formula  for  current  in  a  parallel  circuit. 


6.    Write  the  mathematical  (reciprocal)  formula  for  total  resistance 
in«a  parallel  circuit. 


A 


520 


7.  .From  the  parallel'  circuit  shown  below,  solve  for  R+  (resistance 
total).  -  .  * 


•  r 


24V 


E2  =.  2UV 


E3  =  2lw 


E+  =     "2Uv  ' 


*1  z. 


Ri  =  12 n 


R3  = 

*t  = 


9.    From  the  parallel  circuit  shown  below,  .solve  for  total  current. 


:  r 

iOOV 


-1  - 


lOOv 


E2  =  .  lOQv' 


.  E3  = 


lOCh/' 


lOOv 


Rl  =  25H 
R2  =    loo  n' 


R3  = 
St  = 


20*1 


B 


9.    In  the  following  problems,  solve  for  unknown  voltages,  cur^erfts 
and  resistance:  m 

PROBLEM  I 


r 


Ad  v 


24  a 


El  = 
E2  = 
E3  = 


U3v 


II 


i2  = 


r1  :  '2hn 
Ry  = 


"3  " 


80 


PROBLEM  II 


96  V 


Ei  = 

E2  = 


E^.  -  96v 


^  =  32a 


Rl  =  8fl 


R2  =  6fl 


R3  z  3fl 


Rt 1.6  n 


10.    The  law  for  voltage,,  in  parallel  cell  grouping  states: 


11.    The  law  for  current  in  parallel  cell  grouping  states: 


12.    The  law  for  resistance  in  parallel  cell  grouping  states: 


so* 


F~orii  the  parallel  cell  grouping  sno-j,  below,  solve  for  total 
voltage,  total  current,  and  total  resistance. 


2]  z 

lov 

h  =  : 

•  25a 

lov  '  * 

i ,  = 

•  25a 

h  z  . 

1.5v 

I*  = 

.25a 

Ri 

a. 

R2 
r.r 


6fl> 


6o 


6fi 


\ 


523 


ERIC 


rechnical  Training 


'.OHM'S  LAW— SERIES  CIRCUITS' 


May  1967 


SHEPPARD  AIR  FORCE  BASE 
Original  Material  Prepared 

"    »      •  by. 

Naval  Air -Technical  Training 'Command 


Designed  For  ATC  Course  Use 


9 

Rir 


524 


OHM'S  LAW 


LIST  OF  OBJECTIVES 


♦ 

1.  Show  what  happens  to  current  in* a  simple  circuit  when  the  resistance 
is  increased  with  the  voltagte  held  cpnstant.^ 

2.  Show  what  happens  to  current  in  a  simple  circuit  when  the  resistance 
is  decreased  with  the  voltage  held  constant. 

3:    Show  what  happens  to  current  in  a  simple  circuit  when  the  voltage  is 
increased  with  the  resistance  hel^  constant.     -  r 

4.  Show  what  happens  to  cjurrent  in  a  simple  circuit~when  the  voltage  is 
decreased  'with  the  resistance  held  constant. 

5.  Write, the  three  forms,  of  Ohm's  Law. 

6.  Given  values  of  resistance  and  voltage  in  a  simple  circuit,  solve 
for  the  current. 

7.  Given  values  of  current  and  voltage  in. a  simple  circuit,  solve  for 
the  resistance. 


8. 


Given  vahies  of  resistance  and  current  in  a  simple  circuit  solve 
for  the  voltage* 


9.    Write  a  complete  statement  of  Ohm's  Law.. 


SUGGESTED  READING  TIME  SO  MINUTES 


ASSIGNMENT  SHEET 


This  assignment  sheet  should  be  used  when:,  ft 

•  You  are  to  complete -only  a  part  of  this  text. 

•  Your  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods .  * 

Your  instructor  will  make  assignments  by  identifying  specific  objectives- 
text  material,  and  review  questions.  0 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL 
(by  page  and/or  frame) 

Cs 

t      REVIEW  QUESTIONS 
'  '        (by  No) 
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The  study  of  electronics  at  first  glance  appears  to  be  extremely  com- 
plicated, and  many  students  feel  that  they  will  never  master  the  subject.  ' 
In  reality,  however,  the  theory  of  electronics  rest  on  a  few  relatively' 
simple  concepts. 

On-  of  these  concept."  expresses  the  relationship  that  exists  between 
current,  voltage,  and  resistance.    The  relationships  of  current,  voltage, 
and  resistance  were  first  reduced  to  a  formula  by  a' German  physicist  named 
George  Simon  Ohm  in  the  early  part  of  the  nineteenth  century.  These 
relationships  are^expressed  in  Ohm's  law,  in  an  electrical  circuit,  current 
varies  directly  with  the  voltage;  and  inversely  with  the  resistance.' 

4 


1.    The  law  relating  to  voltage,  current,  and  resistance 
is  J  Law.  -  ■ 


2.    If  the  voltage  is'  not  changed,  and  resistance  is 


increased,  the  cunrent  will 


( increase/decrea'se  ) 


3;    The  single  letter  for  resistance  is  R. 

o   1  « 

The  single  letter ^ for  voltage, .or  emf  is  (  ). 
And  for  current,  the  letter  is  (    ) . 


k.    Ohm's  Law  relates  to 
and  


current,  voltage,/ 

resistance  > 

»  * 

(any  order) 


5.    Ohm's  Law  states;  * 

,  ^  .current  in  sL  circuit  depends"  oh  the  circuit 
resistance  and   J 

t     ■  '  5  '  


voltage 


6.    Tiie  current  in  a  circuit  varies  directly  with 
voltage  and  inversely  with  the 


Continue  on  page  3 
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YOUR  ANSWER:    An  ampere  is  equal  to  resistance  timea  voltage. 
(Prom  P-7B)  . 

No!    This  is  a  wild  attemg$  at  rendering  Ohm's  Law  in  different  form. 
In  addition, it  is  a  hopelessly  imprecise  statement. 

In  expressing  any  scientific  law,  you  have  to  be  precise  about  the 
quantities  involved.    "An"  ampere  means  "one"  ampere.    Your. answer  seems 
to  say,  "onrf  ampere  is  equal  to  an  indefinite  amount 'of  resistance  multi- 
plied by  aja  indefinite  amount  of  voltage?  V  ^< 

To  make  ^tters  worse,  the  form  in  which  you  have  met  Ohm's  law  so 
far  is  E  »  I  .x  1R,  current  (in  amperes)  equals  voltage  divided  by  resistance 
Thatfs  Something  we'll  came  to  shortly. 

to  get  back  to  the  question:    Do1  you  recall  what  an  ampere  is?    It  is 

another  way  .of  saying  electrons  are  flowing  past  a  given  point  at  the  rata; 

.  V 

of  one  coulomb  per  second,  isn't  it? 

Bear  that  in  mind  as  you  return  to  Page  7B  to  ^select  another  answer. 


54T 


-2B  /  - 

YOUR  ANSWER:  ofoe  unit  in  which  I  is  measured vis  the  ohm. 
(From  P-5)  ' 


No.  Wind  since  you  sire  apparently  still  uncertain  about  what  unit 
measures  which  quantity,  or  which  letter  isMrtie  symbol 'for  which  quantity, 
here  they  sure  again.  ^ 

Resistance  (denoted  by  the  letter  R)  is  measured  in  ohms. 

Voltage  (denoted  by  the  letter      is  measured  in  volts. 

Current  (denoted  by  the,  letter  I)  is  measured  in  amperes. 

Return  to  Page  5* tor  the  correct,  answer. 


O  n 
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? 


resistance 


increase 


7  amps 


50b 


7.    If  the  resistance  is  not  changed   and  the  voltage  'is 


increased>the  current  will 


t]      (  increase/decrease ) 


8*    In  symbols,  Ohm's  Law  states  I  « 

R 

If  E  »  100  volts  artf.  R  =  20  ohms,  I  . 


100 


2q  3  5. amps. 

If  E  =  175  vo'lts_jand  R  »  25  ohms,  I  a  (    )  amps. 


decreases 


more 


9.    In  symbols,  Ohm's  Law  is  written 


10.    Current  varies  directly  with  voltage/  S 
When  E  increases,  1° increases.  , 
When  E  decreases,  I   


11.    E  is  emf.    E  is' the  force  used  to  push  the  electrons 
v  through  the  conductor. 


5he  larger  E  is,-  the 


*  (more  /  less) 


current  flows. 


12.  >  R  is  psistanpe..;  It^ tries  to  hold  back  or  resist 
the  <^Went  "fldw;  ;'  '*  ,   ?;  - 


If'  R  gets  Oarger*, 


&?  fmore  /  less)* 


current  flows. 


iless 


/ 


less 
more 


13."  The  more  the  resistance,  the'. 


The  more  the  •emf>>tte  , 


rthe  current; 


.the  current. 


Ik.    Current  varies  directjj^dth 
Current  varies  inversely  .with 


(resistance/voltage ) < 


Continue  on. Page  5 
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YOUR  ANSWER:    Voltage  is  the  electrical  pressure  needed  to  move  f 
(Prom  P-8B)     a  coulomb  through  one  ohm  of  resistance. 

Almost,  but  not  quite.  . 

Somewhere  in  that  statement  you  need  a  reference  to  time.    You  can 

say,  for  instance,  that  a  volt  ts  the  electrical  pressure  needed  to  move 

one  coulomb  through  one  ohm  of  resistance  in  one  second. 

You  could  say  that  voltage  is  electromotive  force  and  that  it  is 

i 

measured  in  volts.  ^ 

Unfortunately,  neither  of  the^e^cogplete  answers  is  available  to  you. 

•There  is  another  vay;Of  arriving  at  voltage,  "and  that  is  through  Ohmf£ 

• 

£a^'    If  y°u  know  the  resistance  and  the  ctirrent  present  in  a  circuit,  you 

can  calculate  voltage. 

w 

And  that  should  be  enough  of  a  hint  for  you  to  return  to  Page  8B  and 

select  the  correct  answer.                               ,  ~ 
\                                      -  i 

\  „ 

YOUR  ANSWER;    One,  couloml?  of  electrons  flowing  past  a  given  point* 
(From  P-7B)      in  one  second-.^" 

4 

Correct.    One  of  the  wrong  answers,  "The  electrons  that  will  flow 
through  a  standard  column  of  mercury'1  is  not  a  "Complete  statement.    If  it 
had  been  stated  as:    "The  number  of  electrons  that. will  flow  through  a 
standard  column  of  mercury  in  one  second  when  one  volt  of  electrical 

pressure  is  being  applied,"  it  would  have  been  accurate. 

•  Now,  what  ^pes  2  stana  for? 

,                             I  Resistance.          Page  6lT^ 
;  Voltage.               Page  8B 
.  *      :    Current  •               Page  10B 

• 

"    r    •             '  '    '    '  1 
.  •  \ 

* 

* 

i 

— 

<>3±  . 

/ 

ERJ.C 

/ 

4 

5A 

voltage 
resistance 


E 


decrease 


R 


5^ 
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15.    Which  formula  is  correct  for  Ohm's  law? 

,       I  -  3R 


1-5 

E 


1  -if 


16.    If  the  resistance  in  a  circuit  increases,  voltage 
ftsld  constant,  the  current  will    =   * 


17.    Write  the  formula  for  Ohm's  Lawr 


I  = 


18.    We  know  from  algebra  that  a  formula  can  be 
rewritten 'so  as  to  solve  for  different  p^rts, 

If  A  =  §  ,  THEN  C  -  f  ,  and  B  -  AC. 
.If  I  -  |f,  THEN  R  =  (    )  ,  and  E  =  (  ). 


( 


19.    The*ohra  has  bee ft  agreed  to  be  the  ^amount  .of 
resistance  offered  to  electrical  current  by  a 
column  of  mercury  of  standard  specification.  The 
atomid  structure  of  a  material  is  the  greatest  determining  factor  for  the 
resistance  of  that  material.    An  aluminum,  bar  of  the  same  dimensions  as  the 
idir 


stanc 


rd  column  of  mercury  would  not  have  a  resistance  of  one  ohm. 

K 

Ohm's  law  can  *e  summed  up:    Current  (i)  equals  Voltage '(E)  divided 


by  Resistance  *(r)# 


E 

r  J'i 


What  is  the  unit  in  which  I  is  measured? 


The  ohm. 
The  ampere. 
The  volt. 


Page  2B 
,Bage  73 
Bage  9A 
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YOUR  AMSv/ER:    Voltage  can  be  found  by  multiplying  resistance  times 
(From  P-8B)     current  flow.  w 

Ohm's  Law,  E  =  IR.    Right  you  are.    The  statement  that  voltage  is  the 
electrical  pressure  needed  to  move  a  coulomb  through  one  ohm  of  resistance 
\<a.s  eldest  correct  as  a  definition  of  one  volt.    But  it  lacked  a  time 
factor.    If  it  had  been  modified  in  either  of  two  ways,  it  would  have  been 

correct:     *  . 

f 

1.  A  volt  is  the  amount  of  electrical  pressure  needed  to  move  one 
coulomb  through  one  ohm  in  one  second,  or 

2.  A  volt  is  the  amount  of 'electrical  pressure  needed'. to  "move  one 
^mpere  through  one  ohm. 

The  Greek  letter  Onega,  wjiich  looks  like  this  ft,  <  is  the  abbreviation 
for  ohm.    The  ^Horthand  for  volt  is  simply  v,  that  for  amperes  is  a:  We 
could  say: 

Tv  =  a  ft. 

That  statement  is  true.    It  is  Ohm's  Law  written  in  different  symbols. 
However,  it  is  not  proper  usage.    Now,  here  is  a  problem  which  illustrates 
the  proper  usage,; 

"If  E  =  2kv  and  R  =  96  Q,  what  is  I?  \ 

I  =  .25a.  ELge  8A 

I>«  ka.  y^TEage  11A. 

I  =  230l»a.      \       Page  13A 


a      '  < 

YOUR  ANSWER;    S  stands  for  resistance, 

•(Prom  P-tef  •  . 

Oh,  come  now I  4 

E  is  the  symbol  for  voltage,,  or,  if  you  like,  electromotive  force. 

As  you  have  just  seen,  I  is  the  symbol  for,  current    and  R  %s  the 
symbfcl  for  resistance.  "  *  - 

Return  to  Page  kB,  vowing  never  to  forget  that  I  stands  for  current, 
Z  for  vcltage^and  R  for  resistance. 
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YOUR  ANSWER:    In  a  circuit  with  an  to- volt  battery,  and  a  20-ohm 
'-3A)     resistor,  the  current  will  be  1600  amperes. 


That's  an  awful  lot  of  current  for  this' or  any  other  circuit, 
see  where  you  went  wrong  in  your  calculation. 


Let's 


.We  said  that  £f  E  =  IR,  that  formula  could  be  solved  for  I  merely 
by?  dividing  both  sides  of  the  equation  by  R,  and  that  step  would^  produce 
I  =  ^  .    This  means  that  to  solve  for  I  in  our  circuit/  we '0.1  have  to  * 
'divide  our  voltage, ,80v,  by  our  resistance,  20  ohms. 

Make  sure  that  you ^ under stand  this  process,  then  return  to  Page  SA 
and  select  the  correct  answer. 


2 

YOUR  ANSWER:    The  ampere. 
(From  P-5) 

Right.    Current  is  measured  in  amperes. 

What  is  an  ampere  equal  to? 

Resistance  times  voltage. 

One  coulomb  of  eleptrons  flowing 
past  a  given  point  in  one  second. 

The  electrons  that  will  flow ( through 
a  standard  column  of  mercury  I 
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^3* 


r  o  y 
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YOUR  ANSWER:  .25a. 
;(From  P-6A) 

If  you  got  that,  answer  right  the  fi"rst  time,  you  did  well,  because 
you  discovered  one  of  the  two  variations  of  Ohm's  Law.    We  began  with  this: 
U  =  IR.'   The  variation  is  written:*  *  *  - 

1  "  R  Jt 

It  is  used  when  F  and  R  are  shown  and  you  need  to  find  I. 

Of  course,  tfbth-the  original  statement  and  the  variation' are  the  same 
thing.     I-f  K  =  IR,  then 

■  •}  ■ . 

It  is  pcrfcctlv  legitimate  to  perform  the  same  mathematical  operation 
to  both  "sides  of  an  equation.    To  change  Ohm's  Law  for  purposes  of  dis- 
covering current,  we  merely  divided  both  sides  of  the  equation  by  R. 

In 'the  cirAi*  shown  below,  solve  for  I. 

r 


E=  80v  -=r 


AMMETER 
1=  ? 


%  1 600-flmperes 
4  amperes 
.25  ampere 


0 


7 


R  =  20a 


Page  7A 
Pag8  MB 
Page,14B 
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YOUR  ANSWER:  Voltage. 
(From  P-4B) 


Good  for  you.    ,E  stands  for  voltage.    This  is  not  as  hard'to  remember 
as  it  may  seem.    Voltage  is  tnc  unit  in  which  we  measure-  electromotive  force 
(bMF,  as  Tt  is  called) 

Ahich  of  the  following  would  pe  an  accurate  statement  about  voltage?* 

Voltage' is  th<5  electrical  pressure  needed  to;    '  f, 

move  a  coulomb  thVough  one  ohm  of  resistance.  £#ge  4A  f 

*   Voltage  can  be  found  by  multiplying  resistance 

times  current.  Pase<  OA 

t  *  t  .  * 

Voltage  is  the*  electromotive  force  of  a  standard 

column  of  mercury.  9  *  .Page  10A 


2A  ■  , 

YOUR  ANSWER";    The  unit  in  which  I  is'measured  is  the  volt. 
(From  P-5) 

No.    And  since  you  are  apparently  still  uncertain  about  which 
quantity  it  measures,  or  which  letter 'is  the  symbol  for  which 
quantity,  here  they  are  again,  ' 

Resistance  (denoted  by' the  letter  R)  is  measured  in  ohms.  ' 

Voltage  (denoted  by  the  letter  E)  is  measured  in  volts.  ~V 

Current  (denoted  by  the  letter  I)  is  measured  in  amperes. 

Return  to  I&ge  5  for  the  correct  answer.  ' 


Page  9 


2B  \  ' 

?OUR  ANSWER:    An  ampere  is  equal  to  the  electrons  that*will  flow 
(Prom  P-7B)     through  a  standard  column  of  mercury. 

No*  t You  .have  begun  to  say  something.    But  you  have  not  finished. 

Amperes  denote  coulombs-per-second.    Your  answer  is  an  incomplete 
statement ^because  it  contains  no.  mention  of  the  time  involved  or  the 
quantity  of  electrons. 

You  can't  just  splash  around  with  words  and  hope  they  come.jout 
right       not  in  electronics,  at  any  rate* 

Onq  of  the  alternative  statements  is  much  more  precise.    Return  to 
Page  7B  and  select  that  one  for  your  apswer. 


•.•or 
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YOUR  ANSWER:    Voltage  is  the  electromotive  force  of  a  standard 
(From  P-8B)     column  of  mercury.  *  ^ 

No.    Ttjis  is  6ne  of  those  answers  that  doesn't  really  say  anything. 
It  would  be  as  sensible  to  -say  that  voltage  is  the  electromotive  force  of 
a  stick  of  licorice.  .  ~ 

A  standard,  column  of  mercury  got  into  the  conversation  as  the 
standard  by  which  resistance  was  measured.    The  standard  column  of  mercury 
supplied  a  resistance  of , one  ohm/  through  which  it  was  possible  to  pass  a 
current  of  one  ampere  by  applying  la  voltage  of  one  volt. 

And,  you  may  recall,  that  led  us  to  Ohm's  Law  in  the  form  E  =  IR  — 
voltage  equals  current  times  resistance* 

You  'should  now  be  well  enough  informed  to  return  to  Rige  8B  and  select 
the  correct  answer. 


Sl3 
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YOUR  ANSWER;    E  stands  for  current.  ' 
(From  F-kB) 

No.  Up.  And  again,  no.    You've  seen  enough  of  these  symbols  by  now, 
to  be  able  to  recognize  them. 

E  is  the  symbol  for  volxage,  or,  if  you  like,  electromotive  force. 

As  we  saw  just  a  moment  a^o,  the  -symbol  for  current  is  I.    And  R  is 
the  symbol  for* resistance. 

Return  to  Page  kB,  vowing  never  to  forget  that  I  stands  for  current, 
E  for  volt  age,  and  R  for  resistance. 


Page  11- 
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YOUR  ANSWER;     te/  % 

(From  P-6A)  %  m 

Wrong.    Here  is  "the  problem  again;  If  E  =  2v  and  R  =»  9ofl,  what 

is  the  value  of  I?                        ,  *  m 

Ohm's  Law  as  we  have  cons^lered  it  so  far  says:  E  »  IR/ 

Obviously,  we  need  it  in  different  form,  since  I  is  the  unknown  quantity. 

To  isolate  I,  divide  both  sides  of  the  equation  by  R.  This 

gives  you:  * 

Em  , 

R    R  / 

Thus  I  =  E/R  =  2k  volts/96  ohms  =  ?  amperes. 

*  1  «* 

Return  to  Page  6A  with  the  correct  answer.  $  nr 


113  - 

YOUR  ANSWER:    In  a  circuit  with  an  80-volt  battery  and  a  20-ohm  , 
(From  P-8A)     resistor,  the  current  will  be  k  amperes.  , 

Good.    We  used  our  Ohm!sLaw  formula, 

R  , 

simplytby  plugging  in  the  given  values: 

-  ,      80  volts      T  1. 
1  3  20  ohms    '  \" 

If  E  and  I  are  known,  but  not  R,  how  would  we  vary  the  formula? 
R  -  i  ■■ 

E  ,  .  Fage  13 

R  =  S 

n     I  Page  15B 

You. can't  f find  .  Page  163 

R  from  the  other 

two  factors.  *  v 


t  0  «  ~ 
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Page  12   •  ' 
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YOUR  ANSWER:     .05  fl . 
(Prom  P-15B) 

Wrong.    You've  got.  things  topsy-turvy. 

The  equation  you  should  be'  working  vith  says:' 

Raj.  XT 

•  The  equation  you  seem  to  have  used  says: 

Go  back  to  the  version  you  should  have  used  and>when  you  have  the 
answer,  return  to  Page  15B. 
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YOUR  ANSWER:    R  ■  | 

(From  P-11B)  *  J 

.     No.    You're  getting  tabled  up  in' transposing  this  equation. 

We  know  that  Ohm's  Lav  can  be  expressed  E  =  IR. 

In  a  case  where  we  do  not  know  the  value  of  R^the  equation  can  be 

adjusted  to  isolate  R  by  dividing  both  sid^s'by  I,  like  this: 

You  see  that  the  top  and  bottom  I  in  the  right-hand  group  cancel 
each  other,  leaving  the  final  equation: 

'  •  .»-! 

Work  it  over  once  more  for  yourself  and  then  return  to  Rage  11B  for 
another  answer. 


9 
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YOUR  ANSWER :  230te. 
(Prom  P-6A) 

Wrong.  Here       the  problem  again:    If  E  =  2kv  and  R  =.  96  fl,  what 

is  the  value  of  I? 

Ohm's  Law  as  we  have  considered  it  so  far  says:    E  =  IR. '  Obviously, 
we  need  it  in  different  form, since  I  is  the  unknown  quantity.' 

To  isolate  I,  divide  both  sides  of  the  equation  by  R.    This  gives 

you: 

E   ST  / 

Thus  I  =  E/R  =  2k  volts/96  ohms  =  ?  amperes. 
Return  to  Page  6A  with  the  correct  answer. 


57^ 
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YOUR  ANSWER:     .03  ohm. 
(From  P-18A) 

No.    You  seem  to  have  divided. the  voltage  into  the  current,  and  this 

c 

procedure  will  never  give  you  a  reasonable  answer.  Remember, 

'  RESISTANCE  =  ?H§j§   or  R  -  £.  . 

CURRENT  I 

We  have  arrived  at  this  form  of  Ohm's  Law  by  solving  for  R  .in  the  formula 
E  »  Ht. 

All  you  have  to  do  is  substitute  the  given  values  for  E  and  I  and 
perform  the  indicated  division.    Return  to  Page  i3A  and  select  the 
correct  answer. 
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YCUR  ANSWER:    30  ohms. 
(From  P-18A)  " 

Very  good.    Now, what  would  hatmen  to  the  current  in  the" circuit  if  we 

\  "  / 

were  to  increase  the  resistance; 


E  = I80v 


r 

f. 


A/W 


R  =  30  A 
1=  6a 


0" 


Ir*cjcase, 
De crease. 
Remain  the 


Page  173 
Page  18B 

Page  20B 


14B     ,  ' 

YOUR  ANSWER:     In  a  circuit  with  an  80-volt  battery  and  a  s 
(From  P-8A)  20  -ohm  resistor,  the  current  will  be  ,25  ampere,  ' 

No.  You  seem  to  have  divided  the  resistance  by  voltage  rather  than 
the  voltage  by  the  resistance^ 

We  said  that  in  our  Ohm's  Law  formula,  E  =  IR,  we  could  solve  for  I 
simply  by  dividing  both  sides  of  the  equation  by  R.  Then,  I  would*  equal 
E  divided  by 

Now,  simply  substituting  the  given  values 'of  the  circuit  in  the 
'formula  for  I,  you  should  come  up  with  the  correct  answer.    Return  to 
Page  8A. 
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YOUR  ANSWER:    2  volts.  ♦  . 

(From  P-18B) 

£  - 
Wrong.    Obviously  you  needed  prompting  after,  all  qn  the  form  of • 

'Ohm's  Law  to  be  used. 

You  should  have  been  back  with  the  first  version  of  the  formula, 
the  one  you  should  have  committed  to  memory.    Here  it  is  again. 
Memorize  it.  . 

'•  *"     E  »  IR 

- 

In  this  case,  we  know  that  R  =»  10  ohms  and  I  =  2  amperes.  ' 

E  a  IR  =  2  amperes  x  10  ohms  =  1  volts. 
Return  to  Page  -18B  with  the  correct  answer.  ' 


T 


1 1  YOUR  ANSWER:    R  =>  — 
(Prom  P-11B)  1 


r. 


Right.    In  this  case,  both  sides  of  the 'equation  are  divided  by  I. 
•So,  Ohm's  Lav  can  be  written  in  three  different* ways,  depending  on 
which  variable5  is  unknown;    The*  three  ways  afe: 

E  =  1R  R  ,  I  I  a  £ 

,1  R 
«  •  * 

Npw,  if  you  are  given  E  =»  6  *and  I  «  .3a,  what  is  R? 

•05  n.  "  Page  12A 

•  2    SI.  <       Page  16A 

20  Si,  „  Page  ISA 


ERIC 


Page  Oj6  "  • -         '  ^ 

16A  .* 

YOUR*  ANSWER:    2  ft,  *  * 

•  (Prom  P-15B)  '  t 

No.  •  Decimals  can  be ji  nuisance,  btit  ignoring  them  won't  make  them  '( 
go  fway. 

The  equation  you  need  is  the  version  of  Ohm's  Law  with  which  we 

began  the  last  page,  R  =  E/l. 

If  we  apply  that  to  the  present  problem,  in  which  E  =»  6v  and  I  »  .3a," 
%we  get: 

R  =  E/l  »  6  volts/. 3  ampere    =  ?  ohms. 

Complete  the  calculation,  this  time  allowing  f&r  the  decimal  point, 
and  return  with  your  answer  to  Page  15B.  1  * 


16B 

•YOUR -ANSWER:  You  can't  find  R  from  the  otbea?  two  factors. 
(Prom  P-11B) 


Your  mathematics  is  coming  unstuck.  t 

•  In- an  equation  j^xvolving  three  factors,  if  you  know  any  two,  you  can 
find  the  thJLrd. 

You  have  an  example  in  Ohm's  Law  when  it  is  expressed  E  «  IR.  If 
you  do  not  know  E  but  have  values  for  I  and  R,  then  multiplying  together 
the  known  values  will  give  you  the  value  of  E.    That  is  what  the  equation 
tells  us.  ^ 

And  if  we  divide  both  sides  of  the  original  equation  by  I,  v£  can 
obtain  an  equation  which'  isolates  R  ana  expresses  it  in  terms  of  the 
other  values,  like  this: 


9 leaving  R  »  j  • 


If  you  have  trouble  in  following  this,  substitute  simple  numbers  for 
the  factors  in  the  original  equation,  thus:    Instead  of  E  =»  IR,  write 
12  »  3  x  if.    If  you  want  to  isolate  the  factor  %  divide  both  sides  of  the 
equation  b£  3,  like  this:  - 

12     j  x  k  .      ,      .  12 
~3  3     3  '  >  leaving  h  ■  y 

Thi^  methocL  of  substituting  simple  figures  for  factors  within  a  formula  is 
useful  as  a  check  in  many  cases.  * 

And  now,    return  to  Page  11B  and  select  the  correct  answer. 
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m 

•YOUR  ANSWER:    1030  ohms. 
(From  P-18A) 

with  nnw  1Sat'iS/ar  *??  fCh  r!S iStanCe  t0  aU0V  6'*W"  of  current  flow 
with  only  180  volts  applied  to  the  circuit. 

To  solve  for  R  in  the  formula'  E  •  CER,  we  must  divide  both  sides  of 
the  equation  by  I.    This  will  isolate  R  on  one  side  of  the  equation: 


ir, 
i 


.  N°v  substitute  the  values  for  E  and  I  that  are  given  in  the  problem,  ' 
do  the  indicated  division,  and  select  the  correct  answer  on  Page  18A. 


YOUR  ANSWER:    in  our"  circuit,  if  ve  were  to  increase  the'  resistance, 
(.From  P-lkk)    the  current  would  Increase. 

oo^Ww  N°'  ,~'    "  wasn't  *?°  long  aS°  tha*  Von  agreed  with  us 'when  we 
said\that  resistance  was  an  opposition  to  current  flow,  -and  that  if  we 
increased  resistance,  we  would  have  less  current,  unless  we  increased  the 
voltage.    Let's  actually  increase  the  resistance  in  this  circuit 


r 

I80v 


-AW 

30/1 
6a 


A/W 

60A 


y  ~ 


T  _  E  ^  180      ,  , 
1  ~  R  =  15"  =  6  **** 


Increasing  the  resistance  to 
SO  ohms: 


I  -  ? 


E  180 


R  ^  "So 


amps 


What  happened  to  I? 
Return  to  Page  IkA  and  select  the  correct  answer. 


4. 


Page  18 


i8a  '  < 

YOUR  ANSWER^    20  ohms.  Correct. 
(Prom  P-15B) 

E  6 

R  a       ^  3  20  ohms. 
Now  solve  this  problem:  ^ 


r 

•  X 


I«  6a 


.03  ohm. 
30   ohms . 
1080  ohms. 


Page  13B 
Page  IkA. 
Page  17A 


YOUR  ANSWER:    The  current  would  decrease  in  a  circuit  if  the  v&lue  of 
(From  P-lljA)    the  resistance  increased. 

Right  you  are .    If  ve  look  at  it  mathematically,  we  can  see  that  J 
will  decrease  if  R  is  increased. 

T  E 

R  *  . 

An  increase  in  R  will  cause  it  to  50  less  times  into  2,  thereby 
giving  us  a  smaller  figure  for  I. 

Now  without  any  prompting  on  the  form  of  Ohm's  fraw  you're  to  use, 
what  is  the  value  of  E  in  this  circuit?5 


e zee: 


2  volts. 
5  volts. 


I  *  2a 


Page  15A 


Page  21B' 
?0  volts,         »  Page.  22A. 


R»  10/1 


ERLC 


^  :  ;  :  ^£J2. 

YOUR  ANSWER:    1.2  volts. 
(Prom  P-22A) 

Wrong.    This  looks  like  a  guess  that  was  'guided  by  the  form  of  the 
answers^  And  if  it  wasn't, then  your  arithmetic  isn't  working  too  well 
toda/  ^  m 

Uf  s  go  over  the  simple  calculation:  The  resistance  is  6  ohms, 
the  current  is  .02  ampere  The  equation  you  need  to  find  the  voltage 
is  E"  a  JR. 


E  =  IR  =  .02  ampere    x  6  ohms  =  ?  volts. 
When  you  have  the  answer,  return  to  Page  22k. 


m  ■       :  '  — — 

(From  P-27) 

To  fix  more  firmly  in  your  mind  the  'relationship  which  Ohm's  Law 
expresses;  we'll  conclude  this  lesson  by  working  some  circuit  problemg 
for  practice*  *  ' 1 

In  the  circuit  below,  what  is  the  value  of  resistance? 


28v 


2.5a 


I.  12  ohms, 
60  ohms. 

II.  2  ohms. 


Hi^e  20A 
Page  22B 
Page  26B  v 


ERiC 


20 


20A 

YOUR^-ANS^ER:  In  "the- circuit- below,  R  =  1.12  ohras. 
,  (Prom  P-19B)  /T\ 


28v 


2.5a 


No.    You  seen  to  be  having  trouble,  with  your  decimal  point  here;.. 
Your  calculation  should  look  like  this:  • 


.»•! 


*■  'R  "  2^ 


Now  divide  2.5  into  28,  watching  that  decimal,  point,  and  return  to 
Page  19B  for  the  correct  number.  \  t 


20B 


YOUR  ANSWER:  In  our  circuit,  if  we  increase  the  resistance,  there  will  be 
{From  P-lW.)    no  change  in  the  amount  of  current.  ^  ■  - 

No.    And  you  know  better  than  that,  don't  you?    It  wasn't  too  long 
ago  that  you  agreed  with  us  when  we  said  that  resistance  was  an  opposition 
to  current  flow,  and  that  if  w^  increased  resistance,  we  would  have  less 
current,  unless  we  increased  the  voltage.    Let's  actually  increase  the 
resistance  in  this  circuit. 


.r: 

l80v_ZL. 


AW 


30  A 


T         E         180  , 

I  =  R  =  "30  =  6  ^ 


Increasing  the  resistance  to 
60  ohms: 

P  <7 


r 


I80v 


60  A 
I  *  9 


_     E     180  . 


amps 


Do  you  sljill  think  that  current  would  remain  the  same?    Return  to  Page 
lljA  and  select  the  correct  answer. 


9 

ERLC 


V  A  4 


5^ 
v  * 


V 


/ 


YOUR  ANSWER:    Not  ,1.2  yolts. 

'(Proa  P-22&)  * 

Correct.    This 'is  the  calculation: 
f  ,       ET  *  JR  u    K02  x  6  *  .12  volts 

This  form  of  Ohm's  Law,  "S  -  IR,is  the  most  important  and  most  often 
used  version.    In  addition,  it  has  the  Advantage  .that.it  is  the  easiest 
version*^  convert  to  other  forms.    Merely  dividing  both  sides  by  the 
undated  quantit^ill  leaye  you  a  desired  quantity  ~at  the  right. 

Pages  25  and  27  will  require  that  you  answer  fill-to-tjfpe  questions. 
Although-  the  material  will  seem  simple  to  you  now,    DO  NOT  rush  through  it 
Read  the  material  given,  think  out  the  answer,  and  then  write  it  in  the 
space  provided.    The  correct  answer  to  the  question  will  appear  to  the 
-left  of  the  next  question/  Use  the  card  provided  to  cover  the  answer 
\until  you  We  written  your  answer  in  the  space  provided.    Move  card  down 
and  cover  answej:  of  next  question  and  continue  down  the  page. 

Ohe  more  word  on  how  to  answer  the  -questions:    Don^t  move  your  card 
until  you  have  written  yotir  answer.    You  are  not  graded^on  your  ariswers, 
but  you  must  decide  on  an  answer  before  you  move  your  card  to  check  it. 

Now  turn  to  Page  25    and  continue. 


213 


YOUR  ANSWER:    5  YQlts. 
(Prom  P-18B) 

Wrong.    Obyiftusljj  you  needed  prompting  after  ail  on  the  form  of  Ohm1 
Lav  to  be  uj 

ou  should  have  .been  back  with  the  first  version  of  the  formula',  the 
'you  .should  have  committed  to  memory.    Here  it  "is  again.    Memorize  it. 

E  =  IR  } 

In*  JJiis  ^cfLse,  we  know  that  R  *  10  ohms  and  1-2  amperes  ♦  ' 

S  »  IR  i  2  amperes  x  10  ohms  =  %  volts.  — 

Return  to  Page  18B  with  the  correct  answer. 

\ 

J4 
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fftgc  22   -     _  .  

22A-  .  '   °  -       *  ■ 

Y8UR  ANSWER:    20  volts.  ' 
(Prom  P-18B) 

Correct.    E  =  IR  =  2xlO  =  20  volts. 

• 

Keep  in  mind  what  the1  letter  E  stands  for:    It  is  voltage,  the  unit  of 
measurement  for  electromotive  force.    Voltage  is  really  admeasurement  of 
the  difference- in- electrical  pressure  between  two  points.    It  'is  the  - 
difference  in  electrical  pressure  between  two  points.    It  is  this  difference 
in  pressure  that  exerts  the  force  to  make  electrons- move  from  one  point  (the 
point  of  higher  pressure)  to  another  point  (the  point  of  lower -pressure) . 


5£s 


What  is  the  eraf  of  this  circuit? 


I  =  .02a 
**  


AWvV 

R  -  6  A 
—  E  =  ?  


'  1.2  volts.         Page  19A 
Not  1.2  volts..  Page  21A 
•I  don't  know.    Page  21+a' 


223 


YCUR  ANSWER:  In  the  circuit  below,  R  =»  60  ohms. 
(From  P-193)  , 

— <D — 


1 


28  v  ~ 


2.5a 


X 


No.    The  only  way  you  cpuldL  iSve  arrived  ax  this  answer,  would  have, 
been  to  multiply  the  current  by  the  voltage',  and  that  isn't  at  all  con- 
sistent with  Ohm's  Law,  is  it? 

To  solve  .for  R,  the  form  of  Ohm's  Law  we  must  use  is  R.a'5.,  Sub- 
stitute the  given  values  for  voltage  and  current,  complete  the  calculation, 
then  ret-^rn  to  Page  19B  and  select  the  correct  answer. 


ERLC 


..  > 


IS"  — 

YOUR  ANSWER:  la  the  Circuit  belov,  if  the  switch -is  moved  to 
(From  'P-30B)    position"2,  the  current  will  increase. 


Page  23 


5^ 


IOOA 


Correct.    Switching  to  position  2  took  R^,  the  100-ohm  resistor,  out 
of  the'  circuit  and  put  Rg  in  its  place.    Now  Rg  is' determining  how  much 
current  will  flow,  and  since  it  is  smaller  than  R^,  the  current  will*  in- 
crease. 

In  a  circuit  with  75  volts  applied  andL  13  amperes  of  current  flowing, 
what  is  the  resistance? 


k\2  ohms.  -  Page  26k 
42  ohms.  Bage  29A 

1350>  ohms.   *     Page  3QA 


23B 


YOUR  ANSWER:  ■  In  the  circuit  below,  S  =  7 50  volts. 
(From  P-26B) 


t  


25o 


30  ohms 


No.    And  that  decimal  point  seems  to  be  causing  all  the  trouble. 

Since  we  want  to  find  the  voltage^,  and  Ohm's  Lav  states  that 
£  =  IR,  we  simply,  multiply  ".25  by  30.  .     "*  c 

Complete^  the  calculation)  watching  the  decimal  point,  and  return  to 
Page  263,  for  the  correct  answer.  ,  *" 


9 
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•odd 


1 


'  i 


Page  2k 
2kA 


YOUfc  AIJSWgR:    I  don't  know. 
(From  P-22A) 

There's  nothing  new  in  thl  text  at  ttiis  point.    Is  it  the  diagram 
that  bothers  you?    Here  it  is  again: 

 WWv  

R  =  6  A 


1=  .02a . 


E=  ? 


And  the  only  thing  that  is  new  about  this  diagram  is  the  method  of« 
showing  the  voltage  source.    This  is  the  reason  for  the  reminder  that 
preceded  it:     'Voltage  is  a  measurement  of ,  the  difference  in  electrical 
pressure  between  two  points.    It  is  this,  deference  in, pressure  that 
sates  electrons  move  from  one  point  (ti^s 'point  of  higher  pressure)  to 

another  point  (the  point  of  lover  pressure) « 

/ 

In  this  diagram, we  are  showing  a  .voltage  .source  without  indicating 
just  what  form  that  source  takes  ~  it  Might  be  a  battery,  it  might  be 
a  generator,  it  could  be  that  this  is  an  offshoot  of  some  larger  circuit. 
You  are.  not  told  what  it  is,  and  it  doesnJt  natter  what  it:is,  as  far  as 
the  problem  is  concerned.    The  important  thing  is  that  voltage  is  being 
i^pose'd  on  this  circuit  and  that  it  is  causing  a  current  of  .02  ampere. 

Once  g,gain,the  voltage  can  be  found  by  using  the  E  =*  IH  forij  of  the 
'Ohm's  Lav  formula  .#    When  you  -have  a  value  of  Ex  return  to  f&ge"  22k  and 
select  the -correct  answer.  •  f 


Page  25 


1.-  In  a  circuit,  if  we  hold  the  voltage  constant  and, 
increase  the  resistance,  the  current  will 
(increase/decrease.)  - 

^decrease  ^ 

CP 

2.    We  can  See  from  Irhe  formula  I  =  ~  that, as  the 

/  *           '         "  > 
resistance  gets /very  large/  only  a  small  amount  of 
current  will  fl/ow.    As  R  gets  larger,  I  gets 

1                                                  «  ■ 

( smaller ) 

3.    If  we  decrease  the  resistance,  we  would  expect  the 
current  to                  -            ( increase /derrPAs*) ' 

(increase) 

4.    This  indicates  that  resistance  and  current  vary  "in 
the  (same/opposite)  directions. 

.>  * 

(opposite) 

5.    Another,  way  ;to  express  this  relationship  is  to  say 
.    that  current,  and  resistance  are 
(directly/inversely)  proportional. 

(inversely) 

 3  T  : — :  — 

6.    V/hen  two  quantities  are  inversely  proportional, 
and  one  of  them  increases,  the  other  must  ^  

(decrease) 

*  • 

• 

7.    Ohm's  Law  states  that  E  =  IR.    The  variation- of 
Ohm's  Law  that  we  can  use  to  find  current  i<?  T  - 

(-)  ■ 

8.    If  we  .increase  resistancef the                will  decrease 

(current) 

9.    If  the  current 'has  increased,  and  the  voltage 
hasn't  changed,  then  the  resistance  must  have 
* 

*                         *  *  *  • 

(decreased) 

10.    In', a  circuit,  the  amount  of  .                   flowing  -!<f 
*       inversely  proportional  to  the 

f current) 
(resistance) 

11.-  If  we;  increase  the  amount  of  voltage  pushing  the 
current  through  a  resistor,  we  have  more  current 
flowing.    As  E  j*ets  larger,  t  gets.., 

 : — '—  £  ■ — k  — !  

(larger) 
Go  to  -Pase  27. 

12.    In  a  circuit;  when  we' inorea.se  the  voltage,  holding  • 
the  resistance -constant,,  the  current  will 
( increase/ deer ease ) . 

Page*  26   

26A 

YOUR  ANSWER:    In  a  circuit  with  75  volts  applied  an4  18 
(Prom  P-23A)    amperes  of  current  flowing,  the  resistance 
is  4.2  ohms. 

Correct*    R  =  -  »       =  k.2  ohms. 


.This  completes  this  lesson. 


26B 


YOUR  ANSWER:  In  the  circuit  below,  R  =  11.2  ohms. 
(From  P-19B) 

 (a)  


r 


28v  ZEE 


2  .5a 


Correct.    ^  =  j  '^s  the  form  of  Ohm's  Law  to  be  used  here,  and 
dividing  28  volts  by  2.5  amperes  resulted  in  11.2  ohms  for .the  value  of 

r 

resistance  in  this  circuit.  #  * 

What  is  the 'voltage  applied  to  the  circuit  below? 


.25a 


30/1' 


750  volts. 
120  volts.. 
7.5'volts. 


Page  23B 
Page.  29B 
Page  30B 
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53d 


(increase) 

13.    If  we  decrease  the  voltage,  we  can  expect  the 

current  to  (in^flCD/^n^cn) 

JA.    This  indicates  that  current  and  voltage  vary  in  the 

(same/opposite)  direction. 

(same) 

"  ■   Jk  ...... 

15.    Another  way  to  express  the  relationship  between 
.  current  and  voltage  is  to  say  that  they  are 

..(inversely/directly)  proportional. 

(directly) 

l6«    >/hen~"iwo  quantities  are  directly  proportional  and 
one  of  them  decreases,  the  other  must 

(decrease) 

17.    If  we  increase  the  voltage,.               will'  increase. 

c 

(current) 

l 

18.    If  current  decreases,  and  the  resistance  hasn*t  * 
changed,  then  the  Vbltace  must  havp     *  < 

(decreased) 

19 •    In  a  circuit,  the  amount. of                    flowing  is 
directly  proportional  to  the  apni-i^H- 

, (current) 
I voltage; 

20.    In  a  circuit, 'the  amount  of  current  flowing  is 

Proportional  to  thp  r^si st^n^o 
*   and  J                 proportional  to  thp  vnl+A^  AppHo#i. 

i  i  nvP7*<?pl  v  ) 

(directly)  . 

c±»    uurrenx  is* directly  proportional  to  the  and 
inversely  proportional  to  the 

(voltage ) 
(resistance.) 

22.    Ohm's  Law  states  that  in  a  circuit,  the  amount  of 

flOWinff  iSr                             proportional  t.n 

the  _       ^     appH^H  +ro  the  circuit  and 
proportional  tn  rnp 

(current) 
1  (directly) 
(voltage) 
(inversely)  . 
(resistance)  ' 

23.    Mathematically,  this  .is  s-fcatpd  as 

■     :         ^     ■      (write  all  three 
.    forms  of  Ohmfs  Law), 

• 

(e  -  n)  (i  -  j)  (h  -  f) 

Page  28 
28A 

YOUR  ANSWER:  In  the  tofrcuit  below,  if  the  switch  is  moved  to 
(Prom  P-30B)    position  2,  the  current  will  decrease. 


£3/ 


SWITCH 
2 


t 


R2= 
50A 


No.    Perhaps  the  function  of  the  switch  has  confused  you.  Notice 
above  that,  in  position  1,  the  switch  allows  current  to  flow  from  the 
battery  through  R  ,  the  lOOohm  resistor. 

JL  - 

When  we  move  the  switch  down  to  position  2,no  current  can  flow 
through  R^  and  now        the  50-ohm  resistor,  is  determining  how  much  current 
will  flow  in  the  circuit.  SWITCH  I 


50A 


ioort 


You  should  be  able  to  see  that  by  moving  the  switch  to  position  2, 
we  have  decreased  the  opposition  to  one-half  of'  what  it  was  in  position  1. 
Now  the  question  to  ask  yourself  is;    What  happens  to  current  when  we 
decrease  the  resistance.    After  consulting  with  George  Simon  Ohm,  return  to 
I&ge  30B  for  the  correct  answer. 


2QA 


Page-  29 


,  5'' 


YOUR  ANSWER:    In  a  circuit  with  75  volts  applied  and  18  anroeres 
(From  P-23A)    of  current  flowing,  the  resistance  is  14-2  ohm's. 

,  rtU_No,T  That  tezp*-1  Point  is  causing  the  trouble  here.  Using  the  form 
Of  Ohm's  Law  to  solve  for  resistance, 

R  =  I  '      *  ' 

ye  substitute  our  known  values  of  voltage  and  current,  R  =  ^  ,  *and„.> 

Now  finish  the  calculation,  'watching  that  decijcal  point,  and  return 
to  Page  23A  for  the  correct  answer. 


SI  . 

YOUR  ANSWER:  In  the  circuit  below,  S  ^  120  volts. 
(From  P-26B) 


.25a 


30  A 


Wrong.    And  the  wa^j/  tried  to  'solve  this  problem  raises  some 
doubts  about  your  knowledge  of  Ohm's  Law.    The  only  way  you  can,  arrive 
at  your  answer  is  by  dividing  the  resistance  by  *the  current,  and  this  is 
not  Ohm!s  Law. 

♦ 

The  correct  form  of  the  law  to  use  wh^p  solving  for  voltage  is 
=  IR.  *  Substitute  the  values  given  in  the  problem  foi*  current'  and 
resistance,  complete  the  'calculation,  and  select  the '  correct  answer  on 
Bige  26B. 


Page  30 

YOUR  ANSWER:    Ta  a  circuit  with  75  volts  applied  and  18  amperes 
(Prom  P-23A)    of  current  flowing/  the  resistance  is  1350* ohms. 

No.  -And  you  certainly  didn't  ajrply%  Ohm's  Law  properly  to  arrive  at 

this  answer.    You  seem  to  have  multiplied  the  voltage  by  the  current,  and 

Ohm's  Law  states  that  to  find  resistance,  we  must  divide  the  voltage  by  the 

current.         *  *  • 

«■! 

Return  to  Page  23A  and  select  a  better  answer. 


as*  •  • 

YOUR  ANSWER:  In  the  circuit  below,  E  ■  7»5  volts; 
(From.P-26B) 


■  r 

x7.5v  ZEL 
X 


ft 


.25a 


Correct.    E  »  IR  was  the  form  of  Ohm's  Law  we  had  to  use,  and  simply 
multiplying  the  Values  given  for  current  and  resistance^  gave  us* the  volt- 
age applied  to  the  circuit.  * 

In  the  circuit  below,  what  will  happen  4  to  the  current  if  the  switch  * 
is  motfejd  to  position.  2?      *  « 

SWITCH  * 


50A 


0~ 


Current  will  increase,. 
Current  will  decrease . 


Rige  23A 
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*  i  gLBCTROMAGNETISM 

?•  *  OBJECTIVES 

.  1.    ^ist.  at  least  foiii  electrical,  devices  made  possible  oy  the  invention 
of  the  electromagnet.    *  -r  , 

2.  "Write  the  definition  of  electromagnetism.  j 

3.  Given  a  sketch  of  a  straight  electrical  conductor,  with  current 
directipn  known,  determine  and  mark  the  direction  of  travel 

of  the  lines  of  force  *  *  * 

k.    Given  a  sketch  of  a  straight  electrical  conductor,  with  direction  of 
lines  of  force  known,  determine  and  mark  the' "direction  of  current 
flow. 


X 


.5.    Given  a  sketch  oPa  straight  electrical  conductor,  showing,  only  ^the 
symbols  (+)(-),  .determine  and  marte$|the  direction  of  current  * 
flow  and  lines  of  force*. 

* 

6.  '  Given  a  sketch  of  a  pair  of  straight  electrical  conductors  showing 

only  tMe  symbols  (♦)  (-),  demonstrate  a  knoxlefdge  of  "magnetic  effects' 
abound  straight  conductore11  by  sketching  in  the  Hnes  of  force.  Also, 
"indicate  probable  movement  of  conductors  in  respect  to  each  other. 

7«    Given  a  sketch 'of  a  coiled*  conductor,  with  electron  flow  marked  by 
the  symbols*  (  +  )  (  -  ),  ^determine  the  north,  and  south  poles  of  the 
>        coil  and  mark  sketch  accordingly. 

*  ,  « 

8.  Write  the  definition  of  an  electromagnet. 

9.  List  the  ways  in  which  a  solenoid  differs  from  an  electromagnet. 

»  «- 

10.  Given  an  otherwise  completed  sketch  of  an  electromagnet,  with  current 
'flow  being  indicated  by  the  symbols  (♦)(-),  determine  and  label 
the  north  and  south  poles. 

11.  List  the  reasons  soft  iron  is  used  for  the  core  of  an  electromagnet. 

12.  List  at  least  two  ways  Jn' which  the 'strength  of  an  electromagnet  may 
be  increased. 

13.  Write  the  definition  of  "residual  magnetism." 
1U.    Define* a  "relay  switch •" 

15.    List  at  least  two  parts  of  a  relay  switch. 


ii 


Shi 


lo.    Write  the  definition  of  a  solenoid  relay  switch* 

'I7.    List  th^..vays  in  which  the  solenoid  relay  switch  differs  frcm'a 
plain  relay  switch.  J 

13.    List  at  least*  three  uses  of.  a  solenoia  relay  switch  in  t*e  av<at<on 
field.  *  . 
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1.    Nov  that  you  have  learned  abou^  magnetism,  our 

i          next  step    in  the  field  of  electricity    is  to 

leaxn> something  about  electromagnetism.    Don't  let 

• 

that  word  throw  you  •    Actually    it  1 «  t\&*  i  i  nW 

between  electricity  and  magnetism.    In  1819* 
Hans  Christian  Oersted(er-stet),  a  DaniA 
physicist,  found  that  a  small  compass  needle  was 

1 

deflected  when  brought  near  a  conductor  carrying 
an  electric  current.    This  was  the  first  evidence", 
of  ,a  link  between  electricity  and  magnetism.    As  . 
a  result  of  this  discovery,  the  electromagnet  was 
invented.    NO  RESFONSE^REQUIRED. 

2.  ■  As  a  result  of  the  invention  of  thp  plprtrnrruKmot 

we  now*  have  electric  motors-  and  generators .  Since' 

the  invention  of  the  electromagnet,  -ve  have  been 

'  c  enjoying  the,  conveniences  furnished  by  electric 

and 

 :  -  £  , — 

motors  • 

3.    The* electromagnet  is  also  the  basis  for  many 'other 

geherators 

devices' used  in' aviation    such' as  buzzers,  relay 
switches ,  magnetic  circuit  breakers,  meters,  etc* 

V 

A  few  of  the  electrical  devices  made  possible  by 

the    invention    C\f   tH<*   A  1  A  r»  1*  irr\m  n  rmo't    inr1n^a<     K»*  + 
iiivoutiyji   ui    Ciic   ClCLl  1  tnua  wile  t    1IIC1U06  j  DJt 

are  not  limited  to  meters 

\ 

,  and 

% 

> 

«.  ©. 

> 

^     *     CONTINUE  ON  NEXT  PAGE 
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MAGNETIC 
CIRCUIT  BREAKER 


MOTOR 
GENERATOR 


RELAY  SWITCH 


■t 


buzzers 

relay  switches 
ascetic  circuit 
breakers 


4*    Electrical  devices  made  possible  by  the  invention  of 

,  the  electromagnet. are 'motors,   buasers, 

relay  ,  'magnetic  circuit  _f 

and 


generators 
snitches 
breakers 
meters  - 


5.    List  six  alectrical  devices  made  possible  by  the 
invention* of  the  electromagnet.  ^ 


motors 
generators^ 

magnetic  cironit 
breakers , 
ralay  .awitches,  , 
'meters,  buzzrfrs. 


6,    Anytime  <surrent  flows  ■> through  a  conductor  there  will 
be  a  magnetic  field  set  up. ground  the  conductor.  • 
therefore,  electromagnetisa  is  aagnetis^n  produced  by 
*         j  .   '  flow.. 


CGHTI5U3  GN  NEXT  PAGE' 
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f  ■ 
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* 


conductor  tfith  a  current  flow,  as  shovn  in  the 
above  illustration,  the  iron  filings  are  attracted 
to  the  conductor,  indicating  the  presence  of  a* 
magnetic  force.    In  the  above  illustration, 
magnetism  is  being  produced  by  .a 

1  $ 


 _J  ,  ; 

current  f lev 

8.    the  result  of  producing  magnetism  by  current 

flcv  would  be  called  electro 

magnetism 

"~                       I  ;  t  , 

9*    Electromagnetism  is'  magnetism  produced  by  a 

current  flow 

— ;  —  1  ■  

.  10*.    The  definition  of  electromagnetism^is 

produced  by  a  - 

magnetism 
current  flcv 

11.    Define  electromagnetism. 

/ 

cprrriHUE  on  next  page 
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Magnetism 
produced  by 
a  current 
flow. 


-  LINES  OF  FORCE  (MAGNETIC  FIELO) 
-<  :  /   (FLUX  J 


—  BATTERY 


•CURRENT  FLOW  - 
 .  >- 


3LASS 


/ 


\ 


12.    If  we  vere  to  construct  a  sample  circuit, as  ,sho>« 

m      above-,  a   .         field  would  be  formed 

around  the  conductor.    (Mote  lines  of  ffcrce 
* 

» traveling' in  a  clockwise  direction*) 


13.    fcvever,  if  we  were  to  reverse  the -current  flow,a 


sncvn  below,  the.  liries  of  "force  wouJbd  be  ir^the 
_    direction,  or  counterclockwise. 


ow ,  a^ 


LINES  OF  FORCE  (FLUX) 


~  3ATTERY 


CURRENT  FUOW*- 


GLASS 


0 


:c:m:rjz  c:i  nixt  page 


v 


^  f  - 

o  ^  %J 


opposite 


counter- 
clockwise 


direction 
yoagnettc.  . 
force     ^  . 
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LINES  OF  FORCE 


CURRENT  FLOW 


IRON  FILINGS 

LINES  OF 
FORCE  - 


S.DEV         „  ,    .  -SIDE-B 

•GLASS 

'CONDUCTOR  (WIRE) 
1<*.    In  the  illustration  above,  the  lines "of  fbrce  on 

side  A  are  traveling  in  a  clockwise  direction, 
e  but  the  lines  of  force  on  side  '3,  are  traveling 


in  a 


direction. 


15.  , The'  "left-hand  rule,"'  is.uaed  f  or  tetenninlSg  zhe] 

•direction  of  the  magnetic  lines  of  force  arounl. 
.  ^  a  straight  conductor  -carrying  a  current,  providing*, 
current  direction  is  knovn.    By  the  application 
of  the  "left-hand  rule,"  it  -is  possible  to 

determine  the   0f  \^  -     *  ' 

.     lines. of      "'•".«.'       .  » 


{ 


CONTINUE  ON  jfeCT  PAGE 
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16.    LEFT-HAND  RULE;    Simply  make  believe  you  are 
grasping  the  conductor  in  your  left  hand  with 
your  thumb  extended  in  the  direction *of  current 
flow.    Your  fingers  will  then  circle  the  conductor 
in  the  direction  of  the  lines  of  f^rce  (flux 
travel),  as  in  the  illustration  below.  %  tfhi6  is 
known  as  the  -hand  rule  for  straight 

conductors . 


CURRENT  FLOW 


17.   The  rule  for  determining  $U  direction  of  the  linefe 
of  force  (flux)  around  |  straight  conductor 
involves  ^the  *  hand.    In  the 


illustfratiqtt'  below,  in<£icate  the  direction  of.  the 
lines  of  force  (flux)  vit&^arrows x<  / 


CURRENT  Fl£W 


,4 


cbAlHUE  ON  NEXT  PAGE 
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left 
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LINES  OF 
FORCE, 

'  D 


18. 


CURRENT 
FLOW 


Q 


Page  7 

If  we  knov  the  direction' of  the  lines  of  forcITwT 
can  alsd  determine  the  current  direction.  Merely 
make  believe  you  are  wrapping  the  fingers  of  your 
left  hand  around  a  straight'  conductor  in  the 
direction  of  lines  of  force    and  your  extended  ' 
thumb  vill  in  the  direction  current  u  fl<JV_ 

ing.    In  the  illustration  below,  indicate  current 


direction  with  an  arrow. 


•LINES  OF  FORCE 
(FLUX) 


19- 


In  the  illustration  below,  indicate  the  direct! 
of  the  lines  of  force. 


on 


a 


3 


CURRENT 


20. 


To  indicate  ,the  direction  of  current  fiov  in  a 

conductor/ arrows- are  generally  used'.'-'-  However,  in 

some  cases  it  is  necessary  to  use  .symbols: (  *  )  or 

(  Current  always-  flows  from  negative  (  -  ) 

to  positive         ).   ,in  the  illustration  below, 

indicate  with  arrows  the  direction- 'of  "current 
travel,     .  "  '  ' 

*  » 


+ 


D 


CONTINUE  OX  NEXT  PAGE 
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•CURRENT 


d 


21.    In  a  cross-sectional  view  of  a  straight  conductor, 
carrying  current  away  from  the  observer/  the  , 
current  direction  would  be  indicated  by  the  symbol 
 )♦    In  the  illustration  below,  current  is 


flowing 


( toward/ avay) 


from'  the  observer. 


( - ) 

away 


22.  In  a  cross-sectional  view  of  a  straight  conductor 
carrying  current  toward  the  observer,  the  current 
direction  would  be  indicated  by  the  symbol  (  ). 


(  +  )  . 

>  4, 


23.    In  the  illustration  below,  draw  ih  the  direction 
of  current  travel  and  lines  of  forci  . 


a 


\ 


CONTINUE  ON  'NEXT  PAGE  \ 
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2U.    When  two  or  more  parallel  conductors  are  carrying 
current  in  tfie  same  direction,  the  magnetic  fields 
tend  to  ericircle  all  conductors.    In  the 

r  

*        illustration  belov    the  macm pt i r  fM p*m  tDnje  ~ 

"  j     vuc  ^ua^y ic  oiw    i  lcXu    veil  CIS  vO 

encircle  both*,.,                        vhich  are  carrying 

current  in  the          '  ^rfl^<ftn 
(same/ opposite ) 

e                    -  * 

conductors 

c^.    wuea  wo  or  more  parallel  conductors  are  carrying 

same 

current  in  the  same  'direction,  the 

field  tends  to  encircle  conductors. 

magnetic 

26.    When  the  magnetic  field  encircles  conductors 

'  both 

carrying § current  in 'the  same  direction,,  the  con- 

' ^  ! 

ductors  have  a  tendency  to  attract  each  other.  ' 
,     Therefore/  parallel  conductors  carrying  current' 
.  in  opposite  directions  would  hnv*  a  t^^y 
each  other. 

r 

  "i   ;  ;  — 

CONTINUE  ON  NEXT  PAGE 
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reppl 


opposite 


do  not 
opposite 


27.    The  diagram  below  shove  conductor*  carrying  ' 
current  in  ^  '  directiona. 


FLUX 


CONDUCTORS 


28.    The  magnetic  fields  around    conductors  carrying^ 

current  in  opposite  directions  repel  each  other. 

That  is,-  they  _  encircle  all  con- 

I  do/ do  not)    ;  \ 
ductors  as  one.    The  flux  of  these  fields  also 


.  travel  in 


directions • 


29 .    Two  conductors  having  current  flow  in  the  same* 
direction  will  cause  an  attraction  to  each  other. 
In  the  illustration  below,  the  tendency  of  the 
conductors  would  be  to   _  each  o^ttfe*. 


CURRENT- 


CURRENT- 


ZD- 


t 


CONTINUE  ON  NEXT  PAGE 
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repel 


same 
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30.,  When  two  copduetors  have  current  flowing 

opposite  directions,  tte  tending  of  -the  congictors 
would-be  to  repel  each'pthfer^  In  the,  illustration 
below,  the  probable  movement  of  the  conduc^rr^^ 


to 


^each  other • 


: '  e£ 


CURRENT- 


_3 

•CURRENT 


31.    When  tw6- cqnductoss  haves' "current  f  loving  in-^he 

same- direction,  the  lines' o|  force  encircle  ,b$oh  /, 
conductors  3   In ;the  illustration " bel^r'thl  J  in^,' 

of  force  encircle  both  conductors  because  the  '•  • 

"to 


current  is  flowing  in  the 


I  /"*\   CURRENT  > 

1    *   \_y  1 


direction .] 

V 


CURRENT 

\  

32 .\  When  tvo  conductors  have  current  flowing- in 

opposite  directions,  the  lines  of  forte' encircle 
each  conductor.    In  the  illustration  belov,  the 
lines  of  force  encircle  each  conductor  because  the 
current  is^f  lowing  in'  directions 


\ 


D 


CONTINUE  ON,  NEXT  PAGE' 


9 

ERIC 


5 72 


*    Pfcge  12* 


opposite 


33.    In  the  eketcjj^belov;.  indicate  the  direction  of 
lines  of >force  (flux  lines)    and  the  probable 
movement^of  the  conductors  by- arrows.  ^ 


-C 


D  + 


if**,  K 


'  Conductors  car  ryingu  current  pfcpduce  magnetic .  fields 
without  magnetic  poles .  j  MagpfSfcLc  poles  are    "  ' 
important  because  ma'chines  make  use  of  these  point; 
of  flux  concentration'.  r  Therefore,  a  solenoid  or 
an  electromagnet  would, T^ot  operate  without 


poles^  ' 


1 


35*    To  produce  magnetic  poles,  we  sii^ply  coil  a 

conductor- as  illustrated  below.   Instead  <5f  the 
magnetic  field  forming  around  each  wire  separately, 
it  forms  a  single  loop  around  all  "wires  running 
^parallel  with  each  other.    This  causes  poles  to^ 
develop  at  each  end  of  the  coil.    In  the  ^sketch  ,  - 

magnetic^  , 


below,  there  are 
one  at  each  end. 


(hov  many) 


r. 


+ 


CONTINUE  ON  NEXT  PAGE 
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poles^ 
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36. 


There  is'.a  simple  method  for 'determining'  the  north 
and  south  poles  of  a' coil,  providing  the  direction 
of  current  flow- is  known.    Remember,  current  ,*f  lows 
from  negative  (-)  to  positive  (  +  ).    If  you  make 
believe  you  are  grasping  the  coil  in  your  left  „ 
hand,  with  your  fingers  wrapped  around  the  cdil  in 
the  direction  of. current  flow,  your  thumb  will 
point  to  the  north  pole.    In  order  to  determine 
the  north  and  south  pbles  of  a  coil,  you  must  kjow 

the  direction  of  _J   %  ?  ' 

This  is  the  _'   -hand  rule  for  a  coil . 

-Xabel^he-sout^-pble  in  the  illustration' below. "  " 


CURRENT 


LEFT  HAND  * 


o^ce 


current  flow 
left 

; 

Sout^.pole  is 
on  the  left. 


37-       coiled  conductor^carrying *a  current  flow  is 
magnetized  with  a  definite 


and 


pole . 


CONTINUE  ON  NEXT  PAG*J 


574 


< 


Page  p> 


north 

30Uth 


38.  Label  the  north  and  south, poles  of^the  coil  in  the 
>       illustration  below. 


39  •    A  loop-wound  conductor's  a  coii.    By  taking  a 
straight  conductor  (wire)  and  looping  it  around 
a  pencil, the  conductor  then  would  be  called  a 


COIL 


5 


PENCIL 


CONDUCTOR  * 
MAKING  A  COIL"  m  ~      *  * 


coil 


hO.    However,  if^we  were  to  hook  the  coil  to'a  T>ower 
source,  jas  illustrated  below,. and  permit  jcurreht 
to  flow  through  the  coil,  we  would  have  an  • 
electromagnet.    A  coiled  conductor  with  current 
flow  is  an  . 


t£*r  aow 


MAGNET 


CURRENT  FLOW  ' 


CONTINUE  ON  ffHCT  PAGE 
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J 

hlt    The  center  of  the  coii.^from  which -you  removed  the 
pencil  is  called  the  core.    If  you  were  to  put" 
"the  pencil  back  inside  the  coil  and  hook  the -coll 
to  -a  power  sour ce,  you  would  have  a  wood-* 
electromagnet.  '  * 


•  U2.    Even  if  the  pencil  were  remove^  the  coil  would 

still  be  an^ electromagnet,  but  the  core  would  be 


electromagnet 


current 


conductor 
current 


U3.    J/hefa  current  flows  through  the  coil,  the  core  -of 
each  loop,,  or  turn,  becomes  a  magnet.    The  core 
of  the  coil  is  a  magnetic  tube  through  wijjich 
-     pradftically  all  the  magnetic  flux,  passes.  When 
we  produce  a  magnet  in  this  manner  it  is  called 
an  . 


kk.    An, electromagnet  is  a  coiled  conductor  with 
;  flowing  through  it. 


U5.  ■  An  electromagnet  is  a  coiled 
carrying  a      ~  - 


flow.: 


^6.    Define  an  electromagnet-* 


 L_ 


CONTINUE  ON  NEXT  ^AOE  1 
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An  electromagnet 
is  a  coiled 
conductor 
carrying  a 
current  flow.' 


*7. 


A  solenoid  is* the 
same  a6'an  electro- 
magnet, -except  ta 
solenoid  has  a  movable 
iron  core.  Fig.  1  shows 
a  solenoid  relay  switch 
in  the.  closed  position 
with  current  "flowing 
through  -the  circuit. 
The  position  of  the 
movable  core  is  cen- 
tered in  the  coil. 


Fig.'  2  shows  a, solenoid  * 

relay  switch  with  the 

switch  in  the  open  position 

withno  current  flowing 

through  the  circuit. 

The  spring  attached  \o  the  movable 

core  is  holding  the  movable 

core  off  center  in  the  coil. 

i 

Detail  A  shows  a  solenoid 
in  more  detail. 


SWTTEX  CFEX-CtfWEKr  OFF 


*  watch  dogctHCUWWfroH 


V 


FI6  2  . 


OCTIUL  A 


A  solenoid  isu  the  same  as  acf  electronafffet  excepS 
the  solenoid  has  a  movable  iron  core  which  is  free 
to  center  itself  when  power 'ia  applied. '  The  main 
difference  between  a  solenoid  and  afa  electronagnet 
is  that  the  solenoid  has  a 


movable  core 


core 
movable 


Solenoid  has  a 
movable  'iron 
core  and  an 
electromagnet 
has  a 

stationary 
iron  core. 
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k8.    An  electromagnet  has  a  stationary 
but  a  solenoid  has  a 


core. 


^9-    The  difference  between  an  electromagnet  and  "a 
solenoid  is:  \ 


50.    The  rule  for '  determining  the  north  and  south  poles 
of  an  electromagnet  is  the  same  as  that  for  a 
coiled  conductor.  4 


By  grasping  the  coil  with  the 


hand 


aftd  pointing  the*  fingers  in  the  direction  of 

 ^   flow,  the  extended  thumb  will  point 

to  the    pole. 


left  . 
current 
north 


51.    In  the  illustration  below,  label  the  north  and 
south  poles  of  the  electromagnet'. 


CONTINUE  ON  NEXT  PAGE 
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52.    Ai)  electromagnet  having  a  core  of  air,  wood, 

copper,  or  some  other    nonnagnetic  material  does 
not  produce  a  very  strong  electromagnet By  using 
a  magnetic  material  such  as  soft  iron  for  the  core, 

the  electromagnet  will  be  much  •  -  \ 

(Remember,  soft  iron  has  higher  permeability  than 
nonmagnetic  materials.) 


stronger 


53  •    Soft  iron  is  used  for  electromagnet  cores  because 
it  has  higher   .  than  non- 
magnetic materials. 


permeability 


5^.    Soft  iron  is  also  used  for  electromagnet  cores  s 
because  it  retairfls  less  magnetism  after  current 
flow  has  stopped..  Two  reasons  soft  iron  is  used 
for" the  core  of  electromagnets  are:    it  has  higher 

.  and  it  retains 


magnetism  after  current  flow  has  stopped. 


permeability 


55  •    List  two  reasons  why  soft  iron  is  used  as  the 
core  for  electromagnets. 


Has  a  higher 
permeability. 

^Retains  less 
magnetism  -after 
current  flow  has 
stopped . 


56.  Magnetism  retained  by  a  material  after  current 
flew  has  stopped  is  called  residual  magnetism. 
Residual  magnetism  is  magnetism  retained  after 
 has  stopped. 


CONTINUE  ON  NEXT  PAGE 


current 
flow 


Magnetism 
retained  after 
currentHas 
stopped . 


increase 
increased 


^urns 
Current 
ore 
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IncreWs  ingv 
number  of  juirns  > 

Increasing 
amount^  of 
cur.ttent. 

\ 

Changing  tr.e 
core  4toi  a  more 
permeab|e 
materia; 


57.     Define  residual  magnetism. 


58.     The  strength  of  the  electromagnet  depends*^  the 
core  material,   the  amount  of  current^and  the 
number  of  turns  of  the  coiled  conductor,  there- 
fore,  if  we  *  -  ... 

 v    the  current  or 

increase  the  number  of  turns  of  the  coil,  the 
electromagnet  strength  will  also  be  _  

59.     The  strength  of  an  electromagnet  is  dependent- upon 

three  factors';  they  are:  the  number  of   

the  amount  of  „  . 

 .  >  and  the  type  of 


material 


60.     List  three  ways  the  strength  of  an  electromagnet 
may  be  increased. 


11 


61.    The  electromagnet,  is  necessary  in  counties*-, 

aviation  devices.  A  few  of  these  devices  are  the 
relay  switch,  the  solenoid  rela.y  switch,  electric 
motors,  and  generators.  The  operation <0f  various 
electric  devices  is  dependent  upon  '  _ 


CONTINUE  ON  tjEXT  PAGE 
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elect rorcagnetisrc 
or 

electromagnets 

•62.    A  relay  switch  is  *an  electromagnetic  device  having 
a  stationary  iron  core  which  remotely  controls  § 
circuit.    A  pilot  in  the  cabin  of  an  aircraft 
would  be  able  to  control  several  electrical  * 
circuits  located  in  remote  parts  of  his  aircraft 
through  the  use  of                  »  » 

relay  switches 

\  ■ 

63.    An  electroicagnetic  device  having  a  stationary  iron 
core  and  used  to  control  a  circuit  remotely  is 
called  a                                                             "  • 

relay*  svitch 

* 

/ 

6k »    A  relay  switch  is  an                                  device^  < 
having  a  stationary                                   ,  and  is\ 
'used  for        ,  controlling 
electrical  circuits.  * 

elect  rc~iS.gr.  e  *  i  c 
re^ctelv 

6p.    Electrical  circuits  may  be  Controlled  remotely 

by 

V 

* 

~  i  *   <?  ' *  *■  ""ries 

a 

'£6.*  Define  a 'relay  switch. 
•               •  • 

<<  r 

V-                                                                                                                                                                                                   ,  . 

V 

> 

/ 

»     "  * 
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5$ 


TL 


MAp 


SWITCH 
OPEN 


CURRENT  OFF 


ELECTROMAGNET-^ 


FtG  2 


V  SWITCH 
CLOSED 

Taj 


CURRENT  ON 


ELECTROMAGNET 


-CONTROLLED 
CIRCUIT 


MOTOR 

rf  NOT 
c   •  RUNNING 


,4 


MOTOR  /n\ 

RUNNINGV2/ 


^-ARM/ 


CONTROLLED 
CIRCUIT 


SPRING  ATTACHED 


DETAIL  OF  FIG  I 


ARMATURE 
STATIONARY  IRON  CORE 
COILED  CONDUCTOR 


67.    A  relay  switch  consists  of  a  switch,  a  set  of 

contact  points,  an  armature,  and  an  electromagnet. 
As  shown  in  the  illustration  "above,  when -the 
controlling  switch*  (A)  in  Fig,  2.  is  closed,  it 
permits  current  flow* to  magnetize  the  electromagnet. 
This  attracts  the  armatture  ,against  spring  tension, 
closes    the  contact  points  of  the  controlled  cir- 
cuit,   and  allows     current  to  flow  through  the 
controlled  circuit.    A  relay  switch  uses  an 

*  a  to  close  the  contact  points 

of  the  controlled  circuit. 


CONTINUE  ON  NEXT  PAGE 
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electromagnet 


68.    A  reiay  ^switch  has  four  essential  parts: 


am&ture,  and^  an 


l 


switch; 

contact  points , 
electromagnet 


69.    List  four "essential  parts  of  a  relay  switch. 


1 electromagnet, 
armature, 
I  switch, 
1  contact  ocints . 


70*    In  the  illustration  below,  write  the  name  of  the 
switch  irf  Fig.  A  and  inVig.  B. 


STATIONARY 
IRON  CORE 


FIG.  A 


MOVABLE 
IRON  CORE 


Fig.  A:  relay 
switch 

Fig.  3: 

solenoid  relay 
switch 


71.    A  solenoid' relay  switch  nay  be  defined  as  an 

electromagnetic  device  having  a  movable  iron  core 
to  actuate  a  set  of  contact  points.    A  solenoid 

relay  switch  is  an   device 

having  a  iron 


electromagnetic 

movable  ,  , 

1 

core  J 


72._  Define  a  solenoid  relay  switch. 


CONTINUE  ON  NEXT  PAGE 


Electromagnetic 
device  having 
a  movable  iron 
core. 


  r  '  _       ^ge  23  ' 

73-    A  solenoid  relay  switch, is  similar  tela  rel^y 

switch,  except  that*  it  uses  a  movable  iron  core. 
A  movable  iron  core  is  used  in  the 
a    1  switch. 


9. 


solenoid 
relay  - 


lh.  .  A  solenoid  relay  switch  has 'a 
core  and  a  relay  switch  has  a 
core. 


irqn 
iron 


movable 
•  stationary 


75. 


Solenoid  relay 
switch  has  a' 
movable  iron 
core. 


State  the  way  a  solenoid  switch  differs  from  a 
relay  switch.   


76. 


Solenoid  relay  switches  are  used  in  the  aviation 
field  to  operate  starters,  guns,  radios,  bomb  re- 
leases, and  cameras.    NO  RESPONSE  REQUIRED. 


2)  20MM  A/C  CANNON 


(5TGUN  CAMERA 


(I)  PUSH  BUTTON 
STARTER 


(4)  BOMB  RELEASE 
MECHANISMS  . 


(3)  RADIOS 


continue:  ON  NEXT  page 
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7J.    Five  uses  or  the  solenoid  relay  switch  $an  be 
foun^  on  starters,  gunsr,  radios,  bomb  release 

 ti. 

mechanisms,  and 

cameras 

78.    List  five  uses, of  the  solenoid  relay  switch 

•    -  y   »  .  . 

and  ^ 

 *  1  ' 

*  % 

starters, 
guns,  radios, 
bSihb  release 
mechanisms, 
cameras • 

*  4 

Now,  let's  briefly  review  the  lesson.- 

79 t    Motors,  generators,  circuit  breakers,  relay* 

* 

switches,  meters,  and  buzzers  are  electrical  devices 

made  possible  by  the  ^vention  of  the 

■  \ 

r 

"—h  

electro                      .      .    Electromagnets  have 
made  possible  such  devices  as  } 
>  breakers, 

*  y 

*  .           switches,  %and 

*  * 

magnets 

80.    ELectromagnetiQm  is                             _  produced 

motors,- 
generators', 
circuit,  - 
relay,  meters, 
buzzers . 

* 

■  .      toy  a               *                   flow.    Magnetism  nroduced  ' 
by  current  flow  is' 

*             *  * 

CONTINUE  ON  NEXT  PAGE 
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8l.    In  the  following  sketch,  mark  tne  direction  of  . 

travel  of  the  flux* 

0        •  )  ■ 

CURRENT  ^ 

• 

• 

NOTE:    Grasp  the  conductor  with  the  left  hand  with 

the  thumb  'Dointinfl  in  the  direction  nf*  mirrpnt 

flow.    The  finger  tips  will  point  in  the  direction 

yA  oiavci  ux  one  ixux.    ine  unumo  points  in  tne 

magne  uisn 

direction  of  « 

current 

the  finger  tips  point  in  the  direction  of  * 

electromagnetism 

/      of  the 

(■                             r  — ■  ■  ■ 

82.    In  the  following  sketch,  determine  and  mark  the 

-  * 
direction  of  current  flow  with  arrows. 

% 

r\       r\  ■  ■ 

current  flow 

Using  the  LEFT-HAND  RULE,  the  fingers  point" in  the 

travel 

direction  of  travel  of  the  flux    and  the 

flux 

points' in  the  direction  of  current  flow.          *      yJ  - 

f 

• 

CONTINUE  ON  NEXT  PAGE 
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]  1 

83  •    In  the*followizig  sketch,  mark <the  directions  of 
current  flow  and  lines  of  force  travel. 

t  ' 

■  .0 —  >  .  ^ 

•  -               +  - 

I  thumb 

-^Electricity  flows  from  negative  (-)'  td*               *  • 
(•**)•    Using  the  left-hand  rule,  your  thumb  will 
point  to  the,  positive  end  of,  the  conductor, 
indicating  direction  of  cur  rent  'flow.    Your  fingers 
.will  then  indicate  lines  of  force  travel.        ,     *  ' 

1 

1  v* 

8k  v  In  the  following  sketch  of  multiple  straight  con- 
ductors; sketch  in  the  lines  of  forge  and  mark 
'  ^      their  direction  of  travel.    Also,  indicate  probable 
foovem  nt  (by  arrow)  of  conductors  in  respect  to 
<  eacif  other.                 .  . 

.    -0                 \  + 

-()■                              -       -)  + 

J 

J  V 
j  4 

J  positive 
! 

1  ** 
1  * 

VThen  conductors  have  current  flowing  in  the  same 
direction,  the  conductors  will 
each  other    and  the  lines  of  force  will  encircle 
both  conductors.    By  using  the,  left-hand  rule  for 
straight  conductors,  your  thumb  will  point  in  the 
direction  of  current  flow    and  your  fingers  will 
then  point  in  the  direction  of  the  lines  of 

CONTINUE' ON  NEXT  PAG2 


EZATTRACT 


attract 
force 
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85.    I^tbe  following  sketch  of  a  coiled  conductor;  mark 
the  north  and  south  poles.  '     -\  •  ' 


To  apply  the  ^ft-hand  rule  for  a  coiled  conductor, 
merely  grasp  the  conductor  with  your  fingers'  point- 
ing , in  the  direction  of^current  flow.  Your 
extended  thumb  will  point  Xo  the   ,  oole. 


north 


86, 


A  coiled  conductor  carrying  a  current  Ts  an 


9* 

 •    An  electromagnet  is  a 


coiled  conductor  carrying  a- 


87 . ,  An.  electromagnet  is  a  coiled  v 


electromagnet 
current 


eonductor 
movable 


carrying  * 'current.  A  solenoid  is  the*  same  except 
that  a  solenoid  has  a       "    *  core- 


88.    In  the  following  sketch  of  an  electromagnet, 
determine  and  label  the  north  and  south  poles. 


To  us*  the  left-hand  rule  for  a  coiled  conductor, 
grasp  the  conductor  with  your,  fingers  pointing  in 
the  direction  of-  current  how.    Ypurv^tended  thumb 
will  point  to  th/s  ^  ?oIq.  ^ 


-CONTINUE  ON  NEXT  PAGE 
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89.    The  ability  of  a  material  to  conduct  lines  of  force  ; 

• 

-  is  , called                                                  .    We  use 

*  iron  as  the  core  of  an  electromagnet 
-s^be cause  it  has  higher  permeability  than  non- 

north  &  * 

*•  magnetic  materials. 

90.    Increase  the  current  flow  thru  an  electromagnet 

and  the  strength  will  be  increased.    Increase  the 

amount  of  coi^s  (turns)  and  the  strength  will  also 

be  increased.    Two- ways  to  increase  the  strength  * 

pe  me  ability 

6f  an  electromagnet  are  to  increase  the 

SCI  t 

r 

flow  or  increase  the  amount  of  . 

- 

91.    Residual  magnetism  is 'magnetism  retained  after 

has  been  stopped. 

Magnetism                             ,     after  current  flow 

"current 

has  been  stopped  is  called 

coils  or  turns 

. 

I 

92.    A  relay  switch  is  an  electromagnetic, device  having 

current  flew 

retained 

residual 
magnetism 

a  stationary    ;                                  5  it  is* used 
for  remotely  controlling  electrical  circuits.  The 

HofM  r\i  +•  i  nn          a  rolav   fivl  +  ph      q  An 

del  Xiixbiuu           a   1  c«taCkjr    owx  uv>u    zs   cvti  « 

device  having  a                                 .     iron  core. 

< 

* 

CONTINUE  ON  NEXT  PAGE 


iron  core 
electromagnet i  c 
stationary 


relay 

switch, 
contact,- 
armature, 
electromagnet  ic 


electromagnet  ic 
mpvable  * 


*  J 
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93  < 


A  relay  switch  has  four  essential  parts:  (1) 
switch, '(2)  contact  points,  (3)  armature,  (U) 

electromagnet,    A    switch  has  four 

essential  parts: 


T27 


points, 


T3T 


9k.    A  Solenoid  relay  switch  is  an  electromagnetic  device 
with  a  movable  iron  core  to* actuate  a -set  of 
cdntact  points.    The  definition  of  a  solenoid 

relay  switch  is  an   '  device 

Vith  a    -  '  *       iron  core. 


95.-  A  rej.ay  switch  has  a  stationary  iron  core  and  a  T 
solenoid  relay  switch  has  a  movable^ron  core.  A 
solenoid  re^ay^witch*  differs  from  a  relay  switch 
by  having  a      '   iron  core. 


< 


^  :  — "  

96.    Electromagnet:    A  coiled  conductor  carrying  a 

current. 

Relay  Switch:     An  electromagnetic  device  having  a 
stationary  iron  core. 

Solenoid  Relay 

Switch:  An  electromagnetic  device  having  a 

movable  iron  core. 
Write  the*name  of  the  device  shown  in  Figure  1,  \ 
Figure- 2,  and  Figure  3. 


BATTERY 


FIG.  2 


FIG.  3 


movable 


2. 
3- 


T 


"  ■  "T 
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electromagnet 

relay  switch 

solenoid  relay 
switch         .  , 


push-button 
guns 

mechanisms 

release 

cameras 


£67 


97.    Push-button  starters,  aircraft  guns,  radio 
mechanisms,  bomb  release  mechanisms, and  guil 
cameras  use  solenoid  relay  switches.  Solenoid 
relay  switches  are  used*'  to  operate 

.   ;  starters, 

aircraft  ,  radio   q  ,  bomb 


mechanisms y  vanSt^gun 


THIS  CONCLUDES  THE  LESSON.    Please  read  over  the 
objectives  again  at  the  front  of  this  lessoa.  If 
you  are  still  in  doubt  about  any  one  of  the 
objectives, SEE  YOUR  INSTRUCTOR. 


'ERIC 


it 


SELF1- TEST 


I 

1.    List  at  .'least  four  electrical  devices  made  possible  by  the  invention 
of  the  electromagnet. 


2.    Write  the  definition  of  electromagnetisnu 


'   -  \ 

3«    In  the  followjjig  sketch,  mark  the  direction*  of  travel  of  th§  lines 
of  force. 


•a 


CURRENT 


k.    In  the  following  sketch,  mark  the  direction  of  current  flow* 


5«    In  the  following  sketch,  mark  the  direction  of  current  flow  ana  T.ines 
of  force  "travel* 


"    0  1 

V         -  + 


In  the'  following  sketch  of  multiple  straight  conductors,  sketch  in 
.the  lines  of  force  and  mark  their  direction  of  travel.  Also, 
indicate,  probable",  movement  (by  arrows). of  conductors  in  respect  to 
each  other. 


d 


")  + 


-en 


3+ 


In  the  following  sketch  of  a  coiled  conductor,  label  the  north  'and 
south  poles. 


Define  "electromagnet • 1 


List  the  vay(s)  in  which  a  solenoid  dif/ers  from  an  electromagnet • 


10.    In  the  following  sketch  of* an  electromagnet,  label  the  north  ana 
"south  poles. 


CURRENT  FLOW 


BATTERY 


ELECTROMAGNET 


11.    List  «the^  reason(s)  that  soft  iron  is  used  for  the  core  of  an  electro- 


.magnet. 


12. '  List  at  least  two  ways,  in  which  the  strength  of  an  electromagnet 
may  be  increased i 
I 


13.    Define  ''residLual  magaolismi" 


lb.    Define  "relay  switch." 


15*    List  at  least  two  parts  of  a  relay  switch. 


16.    Define  "soienoid  relay  switch." 


> 


17'    relay^iS!0  *  ^         S°len°id  ****  SWltch  differs  the 


18.    List  at  least  three  uses  of  a  solenoid  relay  switch 


in  the  aviation 


r 
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,  After/completing  this  un 
the  following: 


^Q^JFCTJVES 


S7/ 


2. 


a#ou  will  be  able  to  accomplish 


Select  froftfa  liS^^^a^ments  the  one  that  defines* 
a  transformef  asl^^k  stationary  unit  which  changes 
electrical  energy  at  dfre  voltage  to  electrical  energy 
at  another.    '  & 


Define  transformer' operation  as  using  principles  pf 
'mutual  induction.  "  »  •*  -  * 


3.     c  List  the  main  components  of  a  potential  t^ifsformer 

as  being  an  iron  core,  primary,  and  secondary  winding. 


4. 


Recognize  the  following  symbols,  ^Cvhich  represent 


current  transformers 


potential  transformers 


5.        Recognize  that  when  voltage  <is  increased  by  transformer 
action  the  current  is  decreased  and  \he  opposite  is -also 
true. 


Compute  for  unknown  values  of  volts  and  amps  in  ste&« 
up  and  step-down  transformer  circuits. 
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INTRODUCTION 


;  5" 


The  -efficient  use  of  electrical  energy,  like  the  efficient  use  of  mechanical 

9 

energy,  often  requires  converting  the  form  of  energy  at  the  source  to  a 
form  that  can  be  used  at  the  load.   Gear  trains,  for  instance/  between  a 

V  % 

'  gasoline  engine  and  cutting,  saws  may  be  designed  to  cause  one'saw  to  turn 
slowly*  with  great;  force  while  another  saw  turns  with  great  speed  and  less 
force,  each  for  a  specific  purpose'.' 

In  thtPsame  manner,  it  is  necessary  to  adjust'electrical  circuits  so  that 
the  power  available  may  appear  at  thetoatl  as  one  of  various  combinations 

* 

of  voltage  and  current;  that  is,  as  high  voltage  with  low  curi^nt,  as  high 
current  with  low  voltage,  or  as  any  combination  of  the  two.   The  electrical 
device  which  corresponds  to  a  gear  train-in  mechanics  is  the  transformer, 
which  converts  the  electrical  power  available  from  one-voltage  -currents 
level  to  another 'voltage -current  level.   It  should  be  noted, .  however,  that 
neither  the  gear^train  nor  the  transformer  changes  the  amountW  power 
available.   The  amount  of  power  used  by  the  saws,  'at  any  instant,  is  the 
power  delivered  by  the  gasoline  engine  (less  friction  losses),  and  the  amount 
of  power  dissipated  by  the  load  in  an  electrical  circuit  is  the  same  as  the 
power  delivered  by  the  source  (less  internal  losses);  but  in  either  case 
the  power  to^e  used  can  be  adapted  to  the  particular  work  to  be  done. 


U  KJ 
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A  transformer  is  a  stationary  unit  with  no  moving  parts  which  transforms 
voltage  and  current  of  one  circuit  into  variations  of  voltage  and  current 
for  another  circuit,  using  the  principles  of  mutual  induction. 
Potential  transformers  usually  consist  of  three  parts:  an  iron  core  which  - 
provides  a  circuit  of  low  reluctance  for  the  magnetic  flux,  a  primary  wUid- 
ing  which  receives  the  electrical  energy  from  the  supply  source,  and  a.,  ^ 
secondary  winding  which  receives  the  electrical  energy  by  induction  from 
the  primary  winding  and  delivers  it  to  the  load  circuit. 


PRIMARY      CORE  SECONDARY 


1000  TURNS 


E«22V 


200  TURNS 


The  primary  and  secondary  coils  are  not  electrically  connected  but  arranged 

so  that  the  magnetic  flux  surrounding  one  coil  links  through  or  "cuts."  the  .  . 

.an- 
other coil.  .  The*  iron  core  is  laminated  (sliced  into  thin  slices,  insulated  and 

glued  together)  to  minimize  magnetic  current  losses  (eddy  currents)  and  is 

usually  made  pi  specially  prepared  silicon  steels, "since  these  steels  nave  a 

low  hysteresis  loss.    Hysteresis  loss  is  due' to  heat  caused  by  molecular 

friction. in  a  metal  when  a -magnet  reverses  polarity. 

S  ...  • 
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Indicate  correct  answer  to  first  item  by  placing  a  check  (v/)  by  the' 
letter  of  your  choice,  and  complete^the  following  sentences. 


A  transformer  is  a 


^ — --mechahically  moving  unit  which  steps  up  or  steps 
down  electrical*  energy. 

b.  stationary  unft  which  can  change  alternating  current 
to  direct  current,  * 

c.  rotary  moving  unit  which  performs  like  a  rheostat/- 

d.  stationary  unit  whicii  changes  electrical  energy  at 
one  voltag6  to  electrical  energy  at  another.  * 


^2.      A  transformer  operates  on  the  principles^ 


3.      The  main  components  of  a  potential  transformer  are 


4.'    -  Electrical  energy  from  the  supply  source  enters  the 


winding  first. 


©urce  t 


5.      The  secondary  winding  receives  electrical  energy. by 

.    and  delivers  it  to  the     r  circuit. 


Answers; 


1. 
2. 
3. 
4. 
5, 


mutual  induction 

iron  core,  primary  and  secondary  winding 
primary 

induction  load 


u  J  X 
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There  are  twotlasses  of  transformers:  potential-transformers  for  step- 
ping up  or  stepping  down  voltages,  and  current  transformers  which  ar* 
used  for  stepping  down  current  in  instrument  circuits-. 


SECONDARY 


PRIMARY 
E»IIOV 


SECONDARY 


E2«550V 
200TURNs|  CORE  f|0ooTURNS 

POTENTIAL  TRANSFORMER 


-PHASE  LEAD 
FROM  ALTERNATOR 
/WvJ  (PRIMARY) 

CURRENT  TRANSFORMER 


Current  transformers  have  onry,  one  winding,  a  secondary  winding  which 
is  connected  to  ammeters,  or  wattmeters,  etc,  which  are  designed  to 
operate  on  lower  current  values,  but'are  scaled  to  indicate  line  current. 

CAUTION:  The  secondary  circuit  of  a  current  transformer  must  never 
be  opened  while  a  system  is  energized:  extremely  high  voltage  will 
•  ■  result  if  the  secondary  is' opened.    ~  * 

Complete  the  following  sentences". 

1.    A  potential  transformer  primary  coil-  has  200  turns,  itai&econjiary 

coil  has  1000  turns;  it  is  a    type  transformer.  ' 

....  ,  (step  up/step  down) 

When  the  secondary  coil  circuit  or  load  circuit  has  less  voltage  than 
theprimary  coil  circuit,  it  is  a  potential  transformer. 

(step  up/step  down) 
The  transformer  that  steps  down  current  for  instrument  operation  is  • 
a-  *  * 

There '  is/ are    type  (s)  of  potential  transformers)  and. 

{number)  •  •  ,  .(number) 

type(s)  of  .   transformer^.  . 


2. 
3. 
4. 


Answers:    1.     Step  up 
4.  2 


2.    Step  down  3.  .  Current  transformer 

1  ^  current 


r>02 


To  compute  the  output  Voltage  of  a  potential  transformer,  you  must  know 

» 

the  ratio  of  turns  between  the  primary  and  ^secondary  coils.   For  example, 

if  you  have  a  primary  coil  with  200  turns  and  a  secondary  with  1000  turns, 

as  below,  you  use  the  formula  R  =  Np',   R  meaning  ratio  of  ti^rns/  Np 

Ns  V  '* 

meaning  number  of  turns  in  primary  coil  arid  Ns  meaning  number  of  turijs 

in  secondary  coil.  This  applied  to  illustration  below  means  200    =  1  or 

1:5  ratio  or  5  times  as  many  turns  in  the  secondary  coil  as  in  the.  primary  coil. 


1:5 


PRIMARY 

EMIOV  ^ 


200  TURNS 


SECONDARY 


I000TURNS  . 


I 


Complete'the  following  sentences. 


1. 

2. 


X 


The  illustration  above  illustrates  a 
potential  transformer. 


If  the  turns  ratio  was  reversed,  5  or  5:1,  it  would  be  a 

1 

  potential  transformer. 


When  Np'is  10,000  and-Ns  is  200,  the  ratio  is  _ 
and  the.  transformer  is  a    type. 


type 


Answers:         1.  -Step  up 

2.  Step  down 

3.  50     or    50:1    step  down 

'    •  r 


€'J3 
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To  determine  output  voltage  (volts  in  secondary)  of  transfor 


mer,  you 


must  cross  multiply  Ej?^=^Np.     The  turns  ratio  Np  'is  equallo 

voltage  ratio  JEp  -  vojts  in  primary. 

Es  -  volts  in  secondary. 

EXAMPLE:  ~»  . 


Ed  ^ 

Nn 

Es 

Ns 

110  = 

200 

Es 

1000 

110^  = 

Es 

^5 

Es  x 

i  = 

X 

ES  = 

550 

f"  SECONDARY 

o1 

E'SgQV 

200  TURNS  jCOREj  1000 TURNS 


Compute  output  voltage  for  the  transformer  below.   Use  space  .provided 

for  all  computations. 

Ep  =  Np 
Es  Ns 


Answer:.     22  V 


\  SECONDARY 
E  *  V 


I000TURNS 


200  TURNS 


7- 


• 
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Complete  the  following  sentences. 


5 


1,      The  two  types  of  potential  transformers  are 
and 


2,      In  a  step-up  potential  transformer  the  secondary  coil  has 

  '       turns  than  the  primary  coil. 

'  (more/less) 


3.      The  voltage  in  the  secondary  of  a  step-up  potential  transformer  , 


is 


!  (greater/lessor) 


than  primary  voltage. 


NOTE:    Review  the  last  o^ge  before 
completing  #4  and  #5. 


4. '     To  compute  the  voltage  of  a  step -up  potential  transformer  you 

  volts  by  largest  ratio  number. 

( multiply /divide ) 


To  compute  the  voltage  of  a  step-down  potential  transformer  you 

/  volts  by  largest  ratio  number. 

(multiply /divide)  *  / 


Answers: 


1. 
2. 
3. 

5. 


step'-up 


more 


divide 


and  step-down 


greater 
multiply" 
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Compute  voltages  for  the  transformers  below  and  enter  values  in  spaces 
provided.  Ratio  of  turns  are'listed  above' each  set  of  coils. 


After  you  have  computed  Es  (secondary  voltage)  for 
th$  first  transformer  -  that  voltage1  is  Ep  (primary 
voltag.e)  of  the  next'trinsformer. 


It  10 


1 


120V  o1 
v   y  o 


E  ». 


E  «. 


LOAD 
30  KW 


l'20 


(o)ea. 


240  V 


E». 


.100*1 


E« 


LOAD 
96KW 


E«. 


LOAO 
I50KW 


Answers:    1.   1200V  (120V  multiplied  by  10)  150V  (1200V  divided  by  8)  , 

2.  5800V  (240V  multiplied  by  20)  ~4W  (4800V  divided  by  100) 

3.  "  750TFV  (500V  multiplied  by  15)  1500V,  (7500V  divided  by  5) 


9  * 


i>08 


After  computing  transformer  voltages,  convert  power  load  from  KW  to 
watts  by  multiplying  number  of  KW  bylOOO.   Divide  watts  (power)  by 
vMtage  to  obtauTcurrent  values  as  indicated  by  power,  triangle. 


— vo 


EXAMPLE:     30KW  x     1000  =' 30,  000  watts  (power) 


30,  000  watts  =  125  amps 
240  volts 


30,  000  watts  =  25  amps    30,  000  watts  =  250  amps 
1200  volts  120  volts 


'  © 


EA=240V 


LOAD 
30  KW 


— ©-». 

l=  125A 


1*25A 


I »  250A  * 


J 


Since  power  is  the  product  of  volts  times  amperes,  you  can 
check  your  ^computation  by  multiplying  I  X  E. 


10 
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Solve  the  following  transformer  circuit  exercise  and  enter  computed 
values  in  the  Spaces  provided.   Show  all  computations. 

^^240  x  20  =  E  V 


1  =  20. 


LOAD 
96  KW 


„   NOTE:  Use  the  Power  Triangle  to  compute  and 
check  for  correct  amps  (I). 


-  J 


\ 


7% 


Answers:    (Es  =  4800V)     (Ip    =  400A)     (Is  =  20A) 

.    '  '     To  check  your  computation,  400Ax  240V  =  96,000  watts 

20A   x  4800V  =  96,  000  watis 


f-'OS. 


© 


O^j  S-220V 


1  :  20 


Load 
66  • 
KW 


1.      Complete  the,  above  schematic  diagram  by  drawing  lines  to  show 
"the  correct  connection  of 

a.   •  Number  1  transformer  to  the  alternator  and  to 
.  Number  2  transformer. 

-  b.      Number  2  transformer  to  the  load.  "  • 


Sk      Compute  for  the  following  values. 

a.      Number,  1  transformer  secondary  voltage 
Number  2^ transformer  secondary  voltage 
Number  1^  transformer  secondary  current 
Number  2  transformer  secondary  current 
Number  _I  transformer  primary  current 


b\ 
c. 
d. 
e. 


Answers:  2. 


a. 
b. 
c. 
d. 
e. 


4400V 
-.88V 
15A  ; 
750A 
300A 
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Complete  the  following  sentences. 


s 


1.      You  must  change  the  KW  load  to  A    ,  before  computing 

(  I  )  current.     *  • 


2.  Power  divided  by^  

3.  (  E  )  volts  multiplied  by 


4.  •    (  I )  current  multiplied  by*- 


equals  (  I  )  current. 

 equals  (  P  )  watts. 

 equals  (  P  )  watts. 


5.      In  a  step-up  potential  transformer  the  primary  has 


current  than  the  secondary. 


(more/less) 


6.      In  a  step-down  potential  transformer  the  secondary  has 
(    current  than  the  primary. 


(more/less) 


7.    •  The 


primary  of  a  step -down  potential  transformer  has 


current  than  the  secondary. 


(more/less) 


8.^  .  When  a  transformer  steps -up  voltage  the  amps 


(remain  constant/rise/drop) 


9.      When  a  transformer  steps -down  voltage  the  amps  ^ 

(remain  constant/rise/drop) 


Answers:  1, 
•2. 
3. 

'    *  4. 


watts 
(E)  volts 


(i)  .current 
(E)  velts. 


5. 
6. 
7. 
8. 
9. 


t3 


more 


more 


less 


drop 
rise 
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Computing  Vaiues  in  Transformer"  Circuits 


Solve  the  following  transformer  circuit  exercises  and  enter  computed  values 
in  the  spaces  provided.  * 


1.* 


l»  A 


E«. 


LOAD 
30  KW 


I*. 


2. 


^^)eA«240V 


3. 


LOAD 
96  KW 


LOAD 
150  KW 


Answer:  1. 

E=1200V     E=150V  4 

1=2 50A 

1=25  I=200A 

2. 

E=4800V  *  E=48V 

1-400A 

I=20A  I=2000A 

s_  3. 

E=1500V  E=1500V 

H  I=300A 

I=20A  I=100A 

14     *  . 

* 
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CRITE.RION  TEST 


A  stationary  unit  which  changes  electrical  energy  at  one  voltage  to 
electrical  energy  at  another  voltage  is  called  a 

  a.  '  rheostat.  / 

  b.  'capacitor. 

  c.  rectifier. 

 *'  d.  transformer.  . 


A  transformer  operates  on  the  ^principle  of 
  a.      ratification.  ' 

I  ■  .  ■ 

.          b-      relative  motion. 

 .    c.      mutual  induction.  1 

 r\d.'J     melphanical  linkage. 


*  . 


The  main  components  of  a  potential  transformer  are 

  a«      primary  plate,  iron  core,  and  secondary  plate. 

  b.     'one  coil  and  core. 

  c-      primary  coil,  iron  core,  and  secondary  coil*. 

  d«      two  coils  separatee!  by  a  dielectric.- 


15 
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The  symbQl  for  a  potential  transformer  is  I 


Two  types  of  potential  transformers  are 

  a*      potential  and  current* 

  b.      potential  delta* 

  c,      potential»and  single-phase, 

  d*      step-up  and  step-down. 


In  a  step -up  potential  transformer  the  secondary  has 

  a*      more  turns  than  the  primary. 

„          b*      more  current  than  the  primary. 

  c.      fewer  turns  than  the  primary. 

  d*      the  same  current  as  the  primary, 

16 
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The  voltage  in  the  secondary  of  a  step-up  potential  transfor 

is  . 

  a.      less  than  the  primary  voltage. 

  b.      the  same  as  the  primary  v&tage„ 

'         *  c.     0 greater  than  the  primary  voltage. 

 s   d.      less  than  the  applied  voltage. 


In  a  step-up  potential  transformer  the  secondary  has 
 1    a.    '  a  greater  current  than  the  primary. 


  b.      less  current  than  the  primary. 

  c.      less  turns  than  the  primary. 

In  a  step -down  potential  transformer,  t)\e 

  a.      secondary  is  connected  to  the  source  of-  power. 

»  •    *b.      primary  carries  all  the  current.^ 


  c.  *  secondary  has  more  turns  than  the  primary. 

  d...  primary  has  more  turns  than  the  secondary. 

The  voltage  in  the  primary  of  a  step-down  potential  transformer 
is 

  a.  less  than  the  secondary  voltage. ' 

  b.  greater  than  the  secondary  voltage. 

  c.  the  same  as  the  secondary  voltage. 

  d.  less  than  the  applied  voltage. 
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11.     The  primary  of  a  step-down  potential  transformer  has 

  a.      less  current  than  the  secondary. 

  b.      more  current  than  the  secondary. 

  ,  c.      less  turns  than  the  secondary. 

  d.      less  voltage  than  the  secondary.  * 


12.  ,  A  device  used  to  step  current  down  for  instrument  operation  is 

the  , 


a.  rectifier. 
bv  rheostat. 

c.  „  t  current  transformer. 

d.  potential  transformed. 


13.     The  symbol  for  a  current  transformer  is 


v 


b. 


or 


or 


'  44 
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1  :  20 


5  :  1 


Lead 
u8  «KW 


Comple'te  the  above  schematic  diagram  by  drawing  lines  to  show  connec- 


tion  of 
14. 


Number  1  transformer  to  the  alternator  and  to 
Number  2  transformer. 


15.  k  Number  2  transformer  to  the  load. 

*i  , 

Compute  the  following  values.  " 

16.  Number  1  transformer  secondary  voltage 
*  17.      Number^transformer  secondary  voltage 

18.  Numtfer  1  transformer  secondary  current 

19.  Number  2  transformer  secondary  current 
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